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PREFACE 


The  purpose  of  this  book  is  to  collect,  in  a  compact  and  conven- 
ient form,  information  ordinarily  required  in  the  field  and  oflice 
practice  of  road  design  and  construction. 

The  book  is  designed  to  meet  the  requirements  of  both  cxpericncc'd 
and  inopericnced  road  men.  The  material  on  the  relative  impor- 
tance of 'the  di£Ferent  parts  of  the  design,  and  the  possibilities  of 
ccononiv,  without  impairing  the  efficiency  of  the  road,  are  primarily 
for  the  meiperknced  engineer.  The  collection  of  cost  data  and  the 
tables  win  be  useful  to  any  one  engaged  in  road  work. 

As  it  b  difficult  to  avoid  clerical  errors  and  mistakes  in  proof- 
reading in  fizBt  editions,  we  shall  appreciate  the  co6i)cration  of  read- 
ers in  Ciffing  our  attention  to  any  errors. 

W.  G.  H. 
E.  A.  B. 
N.Y.,  April,  191 2. 
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HANDBOOK  FOR  fflGHWAY  ENGINEERS 

PART  I.    THEORY  OF  DESIGN 

INTRODUCTORY 

Tbe  necessity  for  the  permanent  improvement  of  the  main  country 
roads  has  b^n  so  well  recognized  by  all  the  States  that  the  work 
promises  in  a  few  years  to  equal  in  magnitude  that  of  Railroad, 
Cajial,  and  River  transportation. 

Highway  construction  has  increased  so  rapidly  that  there  are 
not  enou^  experienced  engineers  to  handle  it.  Most  of  the  de- 
partments have  been  forced  to  use  untrained  men  and  have  tried 
to  make  their  plans  "fool-proof  by  standardizing  the  designs  in 
detail.  Road  work  is  |>eculiarly  imfitted  for  such  treatment,  as  an 
appropriate  and  economical  design  often  calls  for  changes  every  loo 
feet  and  too  much  Standardization  has  resulted  in  a  waste  of 
money  and  unsatisfactory  plans. 

The  general  public  still  believes  that  the  work  requires  only  common- 
sense  and  that  the  money  spent  on  engineering  is  wasted;  even  in 
the  Road  Departments,  many  of  the  men  take  this  view,  but  it  b  a 
relic  of  the  old  "hit  or  miss"  style  of  town-road  construction.  There 
is  no  doubt  that  money  judiciously  spent  in  engineering  is  justified 
by  the  resultant  saving  in  total  cost;  there  is  also  no  doubt  that 
much  of  the  money  spent  in  so-called  engineering  is  absolutely  wasted. 
In  order  to  hancUe  satisfactorily  the  work  already  in  sight,  we  must 
have  a  larger  force  of  technically  trained  roadmen,  who  realize  the 
importance  of  the  problem  as  an  engineering  problem,  and  who 
understand  that  a  good  design  depends  on  them  and  not  on  a  mechani- 
cal use  of  Standards.  As  soon  as  such  a  force  is  developed  we  can 
do  justice  to  the  roads. 

GENERAL 

Highways  are  improved  to  reduce  the  cost  of  hauling  and  to  in- 
crease the  safety  and  ease  of  light  traffic.  The  parts  of  the  design 
are  more  or  less  important  in  proportion  to  their  necessity  for  tibe 
fulfilment  of  these  purposes,  and  may  be  ranked  as  follows: 

1.  Selection  of  Roads 

2.  Grades  and  Alignment 

3.  Cross  Sections 

4.  Drainage 

5.  Foundations 

6.  Top  Courses 

7.  Minor  Details 

The  Selection  of  Roads  to  improve  \s  «i  Tna.\.\jet  ciV  \sto^  y^^J 
it  becomes  an  eagineering  question  only  TiVieii  ^  TL>aanto«L  ^  't'^ 


2  THEORY   OF   DESIGN 

serve  the  same  district,  in  which  case  the  considerations  of  grade  and 
economy  govern. 

Grades,  Alignment,  and  Section  are  the  most  permanent  features 
of  an  improvement.  The  ruling  grade  largely  controb  the  maTimnnr' 
load  that  can  be  hauled;  section  and  grade  combined  determine  the 
convenience  of  the  road  and  the  economy  of  earthwork,  while  align- 
ment and  section  affect  the  safety  and  are  also  important  factors  in 
the  appearance  of  the  highway.  For  these  reasons  these  three  points 
can  be  ranked  as  equal  and  fiirst  in  importance. 

Drainage,  Foundation  Stone,  and  the  Top  Course  keep  the  section 
intact  and  firm  under  heavy  traffic.  The  bearing  power  of  the  sub- 
grade  and  shoulders  is  increased  by  the  surface  and  subsurface 
drainage;  the  concentrated  wheel  loads  of  heavily  loaded  vehicles 
are  spread  over  a  safe  area  of  subgrade  by  the  foundation  stone; 
the  top  course  provides  a  surface  that  will  withstand  the  abrasive 
action  of  wheels  and  horse-shoes,  that  gives  a  good  footing  and  offers 
slight  rolling  resistance.  At  the  present  time  the  problem  of  the  top 
course  is  more  troublesome  than  all  the  other  points  combined,  and 
various  new  styles  of  construction  are  being  tried  to  meet  the  de- 
mands of  both  automobile  and  horse  traffic.  There  is  so  much  discus- 
sion of  this  one  featmre  that  it  is  easy  to  give  it  too  much  weight,  and 
there  is  a  tendency  to  economize  on  the  more  permanent  and  impor- 
tant parts  of  the  design  in  order  to  get  a  higher  grade  top  course. 
In  the  writer's  opinion  this  is  a  mistake.  The  different  types  of 
experimental  top  courses  will  be  described  in  detail,  but  as  yet  no 
dd^te  conclusions  can  be  drawn. 

Minor  Details 

Minor  Details  include  guard-rail,  danger  signs,  guide  signs,  and 
other  points  affecting  the  safety  and  general  appearance  of  the  road. 

The  steps  of  the  design  will  be  taken  up  in  the  order  of  their  im- 
portance as  indicated  on  page  i. 


CHAPTER   I 

GRADES  AND  ALIGNMENT 
Grades  can  be  divided  into  Maximum,  Minimum,  and  Intermediate. 

Maximum  or  Ruling  Grades 

It  is  impossible  to  do  justice  to  the  question  of  ruling  grades  in  the 
brief  discussion  called  for  by  a  book  of  this  character,  but  the  main 
points  will  be  covered  in  the  following  order: 

1.  The  relative  importance  of  automobile  and  horse  traffic  in  the 
selection  of  grades. 

2.  The  difficulty  of  ascent  and  the  ease  and  safety  of  descent. 

3.  The  theoretical  grades  that  fulfil  certain  traffic  requirements, 
and  the  practical  considerations  that  govern  the  selection. 

4.  The  construction  of  ruling  grades. 

I.  Under  favorable  conditions,  gasoline  and  electric  trucks  can 
haul  for  about  $0.08  to  $0.10  per  ton  mile,  traveling  empty  one  way, 
while  the  cost  of  team  hauling  cannot  be  reduced  much  below  $0.16 
to  $0.18.  This  looks  like  a  big  advantage  for  the  trucks,  but  they 
are  helpless  on  a  poor  foundation  and  their  use  for  general  purposes  in 
the  country  is  limited  by  bad  side-roads  and  snow,  and  for  produce 
hauling  is  confined  to  the  short  period  of  the  year  in  which  the  crops 
are  marketed.  Near  cities  they  are  coming  into  use  for  milk  routes, 
gardening  produce,  and  the  rural  delivery  of  merchandise,  but  only 
on  improved  roads  and  only  by  concerns  that  are  able  to  use  them 
continuously  enough  to  warrant  the  investment.  Farmers  must 
keep  horses  for  their  ordinary  work  and,  having  them,  will  continue 
to  draw  with  teams.  Mechanical  trucking  is  bound  to  increase,  but 
there  seems  to  be  no  reason  to  believe  that  it  will  become  more  im- 
portant than  team  hauling,  and  as  the  machines  in  use  have  sufficient 
power  to  take  their  full  loads  up  any  firm  surfaced  grade  that  has 
heretofore  been  considered  suitable  for  horse  traffic,  it  is  evident  that 
for  heavy  hauling,  teams  still  govern  the  selection  of  grade. 

In  Europe,  mechanical  tractors  drawing  trains  of  farm  wagons 
have  been  used  successfully.  This  style  of  hauling  will  probably  be 
adopted  here  for  limited  areas,  but  its  development  into  general  use 
is  a  matter  of  conjecture.  The  nimiber  of  wagons  drawn  by  one 
machine  is  limited  to  seven  or  eight  by  the  difficulties  at  turns  and 
the  danger  of  obstructing  the  road,  rather  than  by  the  present  grades. 
Reduced  grades  would  lessen  the  fuel  consumption  and  increase  the 
speed  slightly,  but  would  not  materially  increase  the  train  load. 
It  would  seem  that  such  a  small  saving  for  a  class  of  traffic  that  is 
to  be  developed  in  the  futiu-e  would  not  warrant  any  reduction  of 
grade  below  current  practice. 

Light  automobiles  are  not  handicapped  as  much  by  bad  roads  as 
the  heavy  trucks;  on  fair  roads  their  abWity  Xa  cQN«tVswigj^cisXasNKs& 
quickly  makes  them  adapted  to  many  \ise&,  \»a\.  ^iJass^  ^^  "c^^v.  xiss« 
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and  probably  never  will  be,  as  effective  as  horses  for  general  use  under 
all  conditions.  The  least  powerful  of  these  light  machines  have  no 
difficulty  on  firm  surfaced  8%  to  io%  grades,  which  eliminates  them 
as  a  factor  in  determining  the  maximum  rate.  From  the  preceding 
statements  of  the  present  and  probable  future  conditions  of  both 
light  and  heavy  traffic  it  is  reasonable  to  conclude  that  the  horse 
and  not  the  machine  should  govern  the  design  of  the  Ruling  Grade. 
2.  Various  grades  on  country  roads  have  been  under  observation 
for  so  many  years  that  it  is  safer  to  be  guided  by  present  practice, 
which  is  the  result  of  such  observation,  than  to  trust  too  much  to  a 
theoretical  discussion.  The  adoption  of  the  ruling  grades  given  in 
Table  i  has  depended  partly  on  the  ease  of  maintenance  as  well  as 
the  traffic  considerations;  the  maximum  grades  on  which  different 
top  courses  can  be  safely  used,  either  on  account  of  foothold  for  horses 
or  the  maintenance  of  the  surface,  properly  come  under  a  discussion 
of  such  courses,  and  will  be  included  in  chapter  V. 

Table  i 

Ruling  Grades  in  Foreign  Countries 


Mountainous 
Districts 


Prussia 

Hanover    

Baden    

Brunswick 

Holyrod  Road  in  England . 


5  % 
4  % 
8  % 

5*% 

6  % 


Military  Highway 
over  the  Alps Italian  side 

National 
Roads 

3%.. 


HiUy 
Districts 


Ai'^' 


/O 


4% 
ik% 
6% 

4% 

3i% 


Swiss  side , 


Level 
Dbtricts 


2i% 

S  % 
3  % 


France 


Deptartmental 
Roads 

4%.... 


Subordinate 
Roads 

...6% 


Ruling  Grades  in  the  United  States 


z 


State 


New  York 

Massachusetts   . . . 

Connecticut    

New  Jersey 

Michigan 

Missouri    

Washington    

Ulinois 


Main  Roads 


5% 

5% 

S% 

5% 

6% 

S-6% 

S% 

6% 


Side  Roads 


7&8% 

_7% 

6-7% 


S% 


Unusual  Cases 


11% 


9% 


9% 
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Eurapean  observers  claim  that  on  a  stone  rood,  5%  is  the  maxi- 
mum grade  that  can  be  descended  safdy  by  a  trotting  team  without 
the  ai^cation  of  brakes,  and  that  11%  is  the  maximum  that  can  be 
descended  safely  with  bralces.  Safe  descent  with  brakes  ne«l  not 
be  considered,  as  it  would  result  in  a  grade  far  beyond  ordinaiy 
practice;  safe  and  easy  descent  without  brakes  very  evidently  plays 
a  part  in  the  selection  of  the  ruling  grade,  but  is  more  important 
for  light  teams  with  a  small  load,  traveling  at  a  comparatively  rapid 
rate,  than  for  heavy  hauling  teams  which  rarely  trot. 

The  writer  knows  of  no  records  ol  actual  nuiTimurt]  loads  tltal  can 
be  drawn  up  different  grades  by  an  ordinary  team;  it  is  probably 
better  to  discuss  this  point  theoretically,  as  any  experiments  would 
be  affected  by  too  many  variable  local  conditions  to'  be  irorth  much 
as  a  basis  for  comparison. 

A  sununaiy  of  Prof.  I.  O.  Baker's  discussion  of  TnaTimiim  team 
loads  b  given  bebw,  and  through  his  courtesy  we  are  enablnl  to 
utclude  a  collection  of  tables  taken  from  his  work  "Roads  and 
Pavements." 

Various  trials  have  determined  that  the  normal  tractive  power  of 
a  horse  traveling  three  miles  per  hour  for  ten  hours  a  day  is  approxi- 
mately one  tenth  of  its  weight;  that  when  hauling  up  a  steep  grade 
it  can  exert  one  fourth  of  its  weight  for  a  short  time;  that  for  a  con- 
tinuous eiertion  of  one  fourth,  the  grade  should  not  be  over  120a 
feet  long,  and  if  over  that,  resting  places  must  be  provided  every  600 
to  Soo  feet;  that  in  starting  and  for  a  dist&nce  of  50  to  100  feet,  one 
half  of  its  weight  can  be  used ;  and  that  the  net  tractive  power  exerted 
by  a  horse  on  a  grade  equals  (J  its  weight)  —  (the  effort  required  to 
lift  itself),  or  approximately  W/4  —  W  X  per  cent  of  grade  expressed 
m  hundredths,  i.e.  (W/4  —  0.04W)  for  a  4%  grade. 

Table  i  shows  the  effective  tractive  power  of  a  team  of  1100-pound 
horses  on  different  grades. 

Table  1 


Grade 

Tlieoretial 
Triclivt  ESott 

"fivin.ta'" 

W  =  Weight    ol    team, 

2400  lbs 

P  =  Per    cent    0/    grade 
in  hundredths. ,..-.., 

Level 

4  % 

Si 

AW 
w/4  -PW 
w/4  -PW 
w/4  -PW 
w/4  -PW 
w/4  -PW 
w/4  -PW 

w/4  -PW 

w/4  -PW 

J40 

540 

480 

4S6 
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The  axle  friction  is  small,  amounting  to  three  or  four  pounds  per 
ton  for  American  farm  wagons. 

Grade  resistance  (gravity)  equals  (Load  t  per  cent  of  grade  ex- 
pressed in  hundredths)  and  expressed  in  pounds  per  ton  of  load  equals 
(aoooiP). 

The  rolling  resistaaee  varies  for  different  surfaces  and  for  each 
surface  depends  on  the  diameter  of  wheel,  width  of  tire,  speed  of 
travel,  and  the  presence  or  absence  of  springs  on  the  wagon.  The 
best  diameter  of  wheels,  best  width  of  tires,  and  the  use  of  springs  as 
they  affect  the  ease  of  hauling  for  both  farm  and  road  use  are  prob- 
lems for  the  wagon  manufacturers. 

Morin,  a  French  engineer,  concluded,  from  a  series  of  careful  ex- 
periments, tha.t  the  harder  the  surface  of  the  road  the  less  effect  the 
width  of  tire  had  on  rolling  resistance.  We  are  dealing  with  com- 
paratively hard  surfacing  only  and  with  small  differences  in  wheel 
diameters  and  can  disregard  these  factors.  As  a  matter  of  interest 
Tables  3,  4,  and  5  are  Included  to  show  the  results  of  eiperiments  on 
different  soils  and  roads. 

The  question  of  wide  tires  is  necessary  to  road  engineers  only  as  it 
affects  the  distribution  of  wheel  loads  over  a  safe  area  and  will  be 
taken  up  under  Foundations. 


^t 

Dcwriplion  o(  the 

Diiniflcrs  of  ,1,.:  front  t  R«r  Wbtdi  ™p«livcl» 

^irj 

'i^Jf 

s'-a-k 

]'HS-* 

i--«'Jk 

"i 

il- 

■»6 

i' 

3i 

I 

Sod    

Earth  mad  (hud)  . . . 

Sand    ■•      0>'"rd)  ,'''  , 

g"v1     'd"CdV 

tei 

jj6 

■  Pamphlet  by  Stodebaka  Bmlhen  Uumfacluiinc  Compuv,  1801. 
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Table  4.  —  Effect  of  Size  of  Wheels  on  Tractive 
Resistance^  Pounds  per  ton 


Ref. 

No. 

Bescription  of  Road  Surface 

Mean  Diameter  of 
Front  &  Rear  Wheels 

so* 

38- 

26" 

I 
a 
3 

4 

1 

7 
8 

9 

10 

Macadam,  slightlv  worn,  fair  condition 

Gravel  road,  sand  i"  deep,  loose  stones 

"         "     upgrade  3.3%,  one-half  inch  wet 
nnd,  frorcp  nel^w 

57 
84 

133 
69 

lOI 

132 
173 
178 
353 

130 

61 
90 

132 

75 

119 

145 
303 
aoi 
303 

70 

XIO 

173 
79 
139 
179 
28X 
365 
374 

Karth  road.    Dry  and  h^^rd 

*•     "           i*  sticky  mud.  frozen  below 

Timothy  &  blue  grass  sod,  dry  grass  cut 

•       ••    wet  &  spongy 

Cornfield;  flat  culture  across  rows,  dry 

Pk>wed  ground;  not  harrowed,  dry  &  cloddy  . . 

148 

186 

i  Experiments  of  Mr.  T.  I.  Mairs  at  the  Missouri  Agricultural  Experiment  Station. 
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Table  6  gives  the  average  tolling  resistance  in  pounds  per  ton  of 
load  on  different  pavements  for  the  ordinary  farm  wagon  diiven  at 
ordinary  speeds. 

Table  6' 


Eind  of  Pivemot 

RoUiDfi  Ri^Ubm  In  LN. 
m  Too  of  Lad 

Cobblestones   

30  to    70 
IS  to   40 
50  to  100 

SO  to  MO 

JO  to  100 

30  to    JO 

30  to   80 
30  to    so 

Macadam  Roads 

1  Ekker*!  "Roads  mod  Pivcments/' 

For  a  com[kaiBtive  estimate  we  will  take  a  value  of  forty  pounds 
per  ton  of  load,  including  axle  friction,  on  Bituminous  Macadam, 
Waterbound  Macadam,  and  Brick  Pavement,  and  one  hundred 
poundsper  ton  forearth  roads  in  fair  condition.  The  resistance  to  the 
effective  tractive  power  of  the  team  per  ton  of  load  is  therefore  40  + 
(2000  X  P)  on  the  improved  roods,  and  loo  4-  (looo  x  P)  foe  earth 
roads,  and  the  maximum  load  that  can  be  drawn  on  any  grade  equals 

/  Effective  tractive  power  of 

\       Resistance  per  ton  of  load  for  that  grade 

Using  the  tractive  powers  of  the  team  shorni  in  Table 
ing  table  is  constructed. 


for  that  gradeX 


.^ 

Tnctivc 
Eflort, 

luntovED  Roads 

E»TB    ROADS                1 

RediUoccin 

"1;.13:S™ 

MHimtini 
Tons" 

Ralituca 

MH.Lo.d 

T? 

uolbt. 

a: 

S- 
Si- 

40  Us. 

6.ot«ii 

lOBlhL 

ite  " 

2'r 

Note. —  Ttus  table  Is  chiefly  useful  in  c(im?anK?,*iR'fie>*.*.^ 
ieretit  grades  on  imptovtd  and  unimproved  tO443,Xi>A''Wi'0a,frtAjn 
cpiaion  the  tbecavUcal  Joaids  are  neatly  coitccX- 
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3.  From  Table  7  and  the  preceding  discussion  we  can  pick  out 
the  grades  that  theoretically  fulfil  certain  traffic  requirements. 

I.  On  improved  roads  the  same  load  that  can  be  drawn  up  a  2}% 
grade  by  the  maximum  exertion  of  a  team,  can  be  hauled  on  a  level 
with  normal  exertion.  This  makes  a  perfectly  balanced  design  from 
the  standpoint  of  team  hauling.    The  theoretical  load  is  six  tons. 

II'  5%  is  the  maximum  grade  that  fulfils  the  condition  of  safe 
descent  at  a  trot  without  brakes;  this  requirement  is  more  important 
for  light  than  for  heavy  traffic.  The  theoretical  load  for  this  grade 
is  3.4  tons. 

ni.  The  same  load  that  can  be  hauled  up  a  7%  improved  grade 
can  be  drawn  on  a  level  dirt  road  in  fair  condition;  a  y%  grade  there- 
fore does  not  reduce  the  load  of  a  team  which  must  travel  over  an 
earth  road  for  part  of  the  distance.    The  theoretical  load  is  2.4  tons. 

As  a  matter  of  fact,  the  actual  traffic  conditions,  the  topography 
of  the  country,  and  the  money  available,  govern  the  selection  of  the 
grade.  The  theoretical  advantage  of  a  7%  grade  does  not  really 
amoimt  to  much,  as  where  the  improved  road  has  a  small  ruling  grade, 
the  farmers  often  use  snatch  teams  to  draw  to  the  road  and  single 
teams  for  the  balance  of  the  distance.  The  adoption  of  7%  by  many 
of  the  States  depends  on  the  topography,  as  will  be  shown  later. 

The  average  farm  wagon  in  New  York  State  weighs  about  1350 
pounds,  and  3500  pounds  is  a  large  net  load  for  such  a  wagon;  even 
with  larger  wagons  and  a  snatch  team  it  is  not  likely  that  more  than 
four  tons  would  be  drawn  over  dirt  roads  to  the  improv«i  road. 
There  is  no  possibility  of  an  average  team  load  of  six  tons,  which 
means  that  a  2j%  ruling  grade  need  not  be  considered  except  in 
flat  country  where  it  can  be  built  cheaply.  A  5%  grade  has  been 
found  from  experience  to  be  satisfactory  for  most  localities,  as  3}  to 
4  tons  can  be  hauled,  teams  can  descend  it  easily,  and  the  cost  of 
construction  is  usually  not  too  great. 

In  the  improvement  of  any  highway  or  system  of  highways,  the 
amount  of  money  that  the  community  is  willing  to  provide  is  often 
insufficient  to  build  a  road  that  the  conditions  demand.  This  limits 
the  engineer  to  the  best  design  he  can  make  for  the  amount  available. 
In  such  a  case  the  grade  should  be  consistent  even  if  it  cannot  be 
reduced  to  a  rate  that  would  meet  the  traffic  requirements,  and  should 
be  designed  primarily  for  heavy  hauling.  As  the  advantages  of  these 
roads  are  demonstrated,  there  is  less  difficulty  in  getting  sufficient 
money  for  a  good  design. 

Take  for  example  a  road  between  two  shipping  points.    It  is  first 

necessary  to  determine  the  portion  tributary  to  each  shipping  center, 

and  then  the  natural  grade  of  all  the  hills  on  each  portion,  in  order  to 

decide  what  consistent  ruling  grade  can  be  adopted  without  excessive 

cost.  *    There  is  no  object  in  reducing  a  hill  from  7%  to  5%  at  a  large 

exjjenditure  if  nearer  the  terminal  Qiere  is  a  grade  that  cannot  be 

reduced  below  7%.     It  should  be  borne  in  mind,  however,  that  the 

neaiieryou  approach  the  center,  the  more  traffic  the  road  will  have, 

And  if  the  bills  are  naturally  flatter  the  ruling  grade  should  be  reduced. 

^»e  direction  of  heavy  traffic  on  each  lull  sVvoxAd  \>e  dtXexmvwed  and 

'  For  an  example,  see  page  124,  chaptet  VUl. 
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oonadered.  In  the  writer's  opinion  there  are  few  cases  where  grades 
less  than  5%  are  required,  and  in  hilly  country  7%  is  satisfactory  and 
a  great  improvement  over  previous  conditions. 

Grades  as  high  as  11%  have  been  constructed  in  New  York  and 
grades  as  high  as  9%  in  New  Jersey  and  Illinois,  but  the  general 
opinion  of  the  Departments  imder  which  these  grades  were  built  is 
that  they  would  not  again  use  such  a  high  rate  except  in  villages  where 
any  material  change  in  street  elevation  would  damage  valuable 
properties.  Outside  of  corporations  it  is  bad  practice  to  use  grades 
greater  than  7%,  for  if  any  road  is  of  sufficient  importance  to  warrant 
an  improvement  of  the  class  discussed  in  this  book,  it  is  certainly  of 
sufficient  importance  to  warrant  a  reduction  in  grade  to  a  reasonable 
rate. 

4.    CONSTRUCTION  OF  MAXIMUM   GRADES 

Natural  grades  are  reduced  to  the  required  rate  by  cut  and  fill,  by 
new  locations  around  hills,  or  by  new  locations  giving  additional  length 
for  the  same  rise.  The  cheapest  method  is  usually  adopted,  but  some- 
times where  cut  and  fill  would  be  the  most  economical  in  the  first 
cost,  the  danger  of  drifting  snow  in  cuts  or  the  damage  to  abutting 
property  from  deep  cuts  or  high  fills  results  in  the  selection  of  the 
more  expensive  construction.  A  large  reduction  of  grade  on  a  long 
hill  necessarily  requires  a  new  location. 

MINIMUM   GRADES 

Most  road  books  claim  that  level  grades  should  not  be  used  because 
of  the  liability  of  water  standing  in  ruts  and  that  a  certain  minimum 
grade  should  be  adopted  that  would  insiu-e  their  longitudinal  drainage. 
Baker  states  in  his  "Roads  and  Pavements''  that  for  macadam  roads, 
English  engineers  use  a  minimum  grade  of  1.5%,  French  engineers 
0.8%,  and  that  American  practice  favors  0.5%.  Let  us  see  what 
this  means: 

for  a  1.5%  grade  the  fall  would  be  1/5  inch  per  foot 
"    "  0.8%     "      "     "       "      "  i/io   "     "      " 
"    "  0.5%     "      "     "       "      "  1/16  "     **     " 

The  flattest  crown  that  is  ordinarily  used  even  on  bituminous 
macadam  is  }'  per  foot  or  2}  times  as  much  as  the  greatest  longi- 
tudinal fall  in  the  above  list.  ^  For  long  ruts  a  longitudinal  grade  is 
of  course  efiFective,  but  the  patrol  system  of  maintenance  is  supposed 
to  prevent  their  formation  and  for  short  small  depressions  the  crown 
slope  must  furnish  the  drainage.  The  writer  believes  that  there 
should  be  no  hesitation  in  using  a  level  grade;  on  such  stretches  the 
crown  can  be  increased  slightly  to  insure  transverse  drainage  and  the 
ditches  given  a  minimum  longitudinal  fall  of  0.2'  to  0.5'  per  100', 
depending  on  the  soil. 

INTERMEDIATE  GRADES 

The  selection  of  the  intermediate  grades  affords  tha  ^c«a.\R&\.  ^^cax^Ks. 
for  economy  on  earth  work.    A  grade  so  esVaXi^:^'©^  >iJQ»X  ^^^  oa\.*\sv 

1  See  footnote,  p«tge  1%. 
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every  cross-section  would  just  make  the  fill  at  that  point,  would 
result  in  the  least  possible  excavation.  This  condition  is  never 
realized,  but  the  nearer  it  is  approximated,  the  nearer  we  get  to  the 
most  economical  grading  design.  (See  chapter  on  Office  Practice, 
page  185.) 

It  may  be  noted  at  this  point  that  economy  of  grading  should 
never  govern  the  profile  or  cross-section  where  there  is  any  good 
reason  of  convenience,  safety,  or  appearance  for  placing  the  road  at 
a  certain  elevation  or  giving  it  a  certain  shape. 

In  determining  the  profile  the  controlling  features  should  first  be 
noted;  these  are  high- water  level  of  streams,  elevations  of  existing 
bridges,  railroad  crossings,  all  points  where  deep  cuts  or  high  fills 
would  damage  the  approaches  to  valuable  property;  connections 
with  other  highways,  portions  of  the  road  that  have  been  previously 
macadamized,  and  in  villages  the  elevation  that  will  give  a  convenient 
section  and  a  finished  appearance.  The  adopted  gnule  must  satisfy 
these  conditions.  However,  on  the  greater  part  of  an  ordinary  road, 
the  grade  can  be  placed  at  any  desired  elevation,  and  it  is  on  these 
stretches  that  the  saving  in  earthwork  is  effected.  To  get  an  economi- 
cal design,  a  rolling  gnuie  can  be  used  if  necessary;  long  straight 
grades  are  not  requireid,  a  mistake  easily  made  by  engineers  trained 
&i  railroad  work.  Short  grades  are  not  objectionable,  and  a  reverse 
vertical  curve  rides  easily  if  well  built.  It  appears  that  there  is  too 
much  tendency  to  cut  the  top  of  every  knoll  and  fill  each  hollow,  for 
it  seems  a  waste  of  money  to  reduce  a  4%  to  a  3.5%  or  a  3.5%  to  a 
3%  grade  where  the  ruling  grade  is  5%.  TTiere  should  be  no  hesita- 
tion in  spending  all  the  money  that  can  be  obtained  to  reduce  the 
ruling  grade  to  a  reasonable  rate,  but  it  is  good  policy  to  economize 
on  all  ^udes  less  than  the  maximum. 

In  conclusion,  it  should  be  stated  that  probably  the  most  common 
error  in  the  laying  of  a  profile  consists  in  making  the  excavation  and 
embankment  balance  with  short  hauls,  regardless  of  more  important 
considerations,  and  in  this  connection  it  cannot  be  stated  too  strongly 
that  the  grade  must  satisfy  the  controlling  points;  that  any  resulting 
excess  of  material  must  be  overhauled  or  wasted  and  any  shortage 
borrowed;  that  the  economies  must  be  effected  on  the  unimportant 
stretches  of  road,  and  that  by  the  use  of  short  and  rolling  grades  the 
excavation  can  be  reduced  and  a  good  profile  obtained. 

Table  8  gives  the  excavation  per  mile  on  State  roads  in  different 
localities  and  indicates  the  variation  in  amount  that  is  required  to 
get  a  first-class  improvement. 


EXCAVATION    TABLES 
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Wstwood    

FnakUa  TUnipike 
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Blue  Aodur , . 

Milan   

WUtdKUH 
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P.t«UD  Pluk  Rokd  . 

VnlCT  W«y 

Cnrodcn 

bdlenger't  lAndinff 

.  HhM   


'TSV  ■ 


Part  3 
Flans  for  1911 


PitUlanl  ^  Sonh  Henrietta 

lodiin  Falh  —  Corfu 

'  mke  —  Eul  Pcmbnlie 

u  —  Onluia  County  Line  . . 

»  — UkevaiB     .   . 

nm-NiiieMiiePoinI  '.'... 

-  Smith's  Comen , , 

iCcnlcr-Wda 

ScottAviDe  —  Miunford 
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iDu      CarntB  —  Spmeerport  - 
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Table  8.  Continued 
CoupiLED  VKOM  TSE  Recokds  OF  THE  New  Yobk  State 
Highway  CoiuassioN. 
Plans  for  iqio 


NornE  al  Riisd 

Chancier 

'sr 

Secuon 

svi, 

per  mi. 

Ukc  Pan  I  It  Sweden  tih  Sect. 

ritii 

Flal 

Haiy 
Flat 

ll 

3>'-*o' 

z 

r 

Jj6o 
iioo 

>acx) 

JJOO 

L«oy  — Cnlnion]ii(i.soiile.l     , 

L*v.«-pD(i.od  Center 

Al&do  Slreei  —  Hntley  

Pembroke  —  Eul  PembiDkc    ... 

EXCAVATION   TABLES  i; 

Table  S.   Continued 

COUPILES   FBOU  THE  ReCOBDS  OP  THE   NeW   YoRK   StATE   HiGHWA! 

CoKmssioN. 
Plans  for  190S  aod  1909  (Selected  Roads) 


N>iH<rfRud 

■^sss"  h'si" 

Width  o( 

Section 

Eicin 
cu.yd*. 

Jj6o 

i960 
JOOO 

3t™ 

SOOO 

E 

Hambuig  -  Sprinjville  S«t.  1 

Flit             1     ,,of 

■4- 
16'- J  i' 

'if- 

^^S'lt' 

ISluToid  —  Henden 

Ren™            .X% 

iaSfri"^."-".::: 

lUnburg- North  Conrn.   

LycQ  Avenue  

Bunud'e  Coseit*  

Table  8.  Cottlinutd 
Compiled  raox  the  Records  of  the  Nett  York  State  Highway 

CouassiON. 
Plans  (rom  1898  to  1907.     (Selected  Roads) 


NuncalKoad 


SS^  '■^T' 


Eut  Avmae 

Pitulord  

■a.i^1Ui^''.'.V.'..'.'.'.'.V.'.'.'.'. 

Bnblo  Roul  

White*!  Conwn  Huk  Rowl  . , 

Ordurd  P«ik 

TmiHl.  SectloliiIIt'n 

Hwlson  Annue  Koul    

Wot  HnricUa  

StuttsviDc.  SotioD  I 
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An  examination  of  the  1909  report  of  the  New  York  State  Highway 
Commission  shows  that  the  largest  excavation  per  mile  on  roads 
built'  by  the  State  from  1898  to  1908  was  as  follows: 

Delaware  Turnpike  Road  ...  1.04  miles  . . .  16800  c.y.  per  mile 

"...  6.S       "...    6800 

North  Creek-County  Line       4.12      "    ...10300 

Highland  Lake-Tompkins  Cove  5.88  "    . 
and  the  least  excavation  as  follows: 

Main  Street,  Section  II 

Babylon-Bay  Shore 


lOIOO 


986 
735 


<( 


it 


<( 


(( 


n 


ti 


(( 


(( 


(( 


(( 


(( 


ti 


<t 


Table  8 


Part  3.  —  Compiled  from  the  Reports  of  the  Massachusetts 

State  Highway  Commission.    1896 


Name  of  Road 


Andover    

Brewster 

Dalton 

Gloucester 

Granby 

Great  Barrini^on 

Hadley    

Munson 

Norfolk 

North  Hampton 

Pittsfield 

Tisbury 

Westport  ... 

Wrentham 

Walpole 

Duxbury  

Fairhaven     

Fitchburg  

Goshen' 

Marion    

Mattapoisett . . . . 

Lee 

Leicester  


Length  in 
MUes 


0.6 
z.o 

IS 

Z.6 

0.63 

i.o 

1.49 

0.93 
1.3 
0.56 
1.0 

1-93 

30 

1.62 

1. 61 

I. OS 

1-45 

0.97 

1. 91 

1.48 

1.16 

IS 
3.0 


Maximum 

Iinproved 

Grade 


Width  of 
Section 
between 
Ditches 


2.95% 
53  % 
1.25% 


*1 


24 

31 
30 
31 
31 
31 '-34' 
21' 
31' 
3l' 
36' 
21' 
3l' 

24' 

21 

21' 

3l' 

21' 

3l' 

3l' 

21' 

21' 


Exc.  in  cu. 
yds.  per  mi. 


6000 
2607 
1930 
3200 
5300 
2300 
8930 
3000 
3350 
4300 
4700 
7  54© 
1500 
3700 
5600 
3800 
1200 
4500 
9700 
1500 
1810 
3500 
3800 


This  table  is  compiled  to  show  the  amounts  of  excavation  that  the 
Highway  Departments  of  Massachusetts,  New  York,  and  New  Jersey 
have  been  willing  to  use  in  getting  various  maximum  grades.  It  can 
be  readily  seen  that  it  is  impossible  to  generalize  as  to  how  much 
excavation  will  be  required.  In  the  chapter  on  "Sections"  some  ex- 
amples will  be  given  of  roads  for  which  two  designs  were  made,  using 
different  widths  of  section  and  different  kinds  of  profile,  to  show  the 
saving  that  can  be  effected  by  a  careful  selection  of  the  section  and 
t/te  use  of  a  rolling  grade. 

-    -  '  Ppsdpskt  ttuiximum  gnde  12%  —  new  location  used;  as  A\ffic\A\.  a*,  toaid  as  there 
-w  in  the  State  to  obUdn  a  5%  grade. 
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ALIGNMENT 

SbBip  curves  on  steq)  grades  or  at  the  foot  of  such  grades  are  not 

ft  "''^      '  ncactice  calls  for  a  minimum  radius  of  300  to  400  feet  for 

t  Right  angle  turns  even  on  level  stretches  are  incon- 

jen  dangerous.    New  York  State  has  adopted  a  radius 

minimum,  wherever  possible,  acquiring  new  right-of- 

isary,  and  it  is  very  evident  that  the  increased  comfort 

traveUng  public. 

lively  straight  stretches  the  position  of  the  center-line 

uted  to  keep  on  the  old  roadbed  as  much  as  possible  and 

leasing  appearance;  this  is  done  to  utilize  the  hard  foimda- 

e  present  traveled  way  for  the  subgrade  of  the  proposed- 

Sight  Distances.  —  In  designing  a  side  hill  road,  in  rough  country, 
the  alignment  and  width  of  shoulder  often  depends  upon  what  we  may 
call  "a  safe  sight  distance '*;  this  means  that  the  driver  of  a  machine, 
traveling  at  ordinary  touring  speed  of  20  to  30  miles  per  hour,  must 
be  able  to  see  far  enough  ahead  to  turn  out  and  pass  an  approaching 
car  without  the  application  of  brakes.  In  attempting  to  reach  a  con- 
clusion as  to  what  is  a  "safe  sight  distance"  we  have  written  to 
automobile  clubs  throughout  the  coimtry  and  find  that,  in  the  main, 
they  agree  on  from  200  to  300  feet  for  speeds  of  20  to  25  miles  per  hour. 

Mr.  George  C.  Diehl,  Chairman  of  the  Good  Roads  Board,  A.A.A. 
and  Coimty  Engineer  of  Erie  County,  N.Y.,  gave  us  the  following 
information  for  emergency  stops  and  passing  without  slowing  up: 

''The  tests  that  we  have  conducted  show  that  a  car  going  at  the 
rate  of  20  miles  per  hour  can  be  stopped  at  40'  and  one  going  at  40 
miles  per  hour  can  be  stopped  at  140  feet  with  the  emergency  brake. 
For  i>assing  a  rig  going  in  an  opposite  direction  this  distance  would 
not  be  necessary." 

Mr.  Diehl's  •figiu'es  are  considerably  less  than  the  distances  given 
in  the  other  answers.  A  minimum  sight  distance  of  250  to  300  feet 
is  the  practice  of  Division  No.  $,  New  York  State  Department  of 
Highways. 

In  the  chapter  on  Office  Practice,  page  181,  tables  are  given 
showing  the  "Sight  Distance!'  for  different  curves  in  "cut.' 


» 


Railway  Grade  Crossing  Elimination 

Grade  crossings  are  being  eliminated  as  rapidly  as  possible,  as  they 
are  a  source  of  great  danger.  The  overhead  clearance  and  width  of 
roadway  in  subways  are  given  in  chapter  DC. 


CHAPTER  n 

SECTIONS 

SEcnoNS  may  be  considered  from  the  standpoints  of  safety,  con- 
venience, and  economy. 

For  safety,  a  rig  should  be  able  to  travel  on  any  part  of  the  road 
from  ditch  to  ditch  without  overturning;  for  convenience,  the  width 
of  section  ordinarily  used  must  have  enough  pitch  to  drain  the  surface 
•water  into  the  ditches  but  not  enough  to  give  an  uncomfortable  tilt  to 
a  vehicle;  for  economy,  the  section  must  be  flexible  in  order  to  con- 
form to  local  conditions. 

The  first  questions  are  naturally:  What  is  a  safe  slope?  Wliat  is  a 
comfortable  driving  slope?  What  pitch  is  required  to  drain  different 
surfaces?  What  is  Uie  conunonly  used  ^idth.  and  what  the  maximum 
width  of  the  traveled  way? 

All  of  these  points  except  the  last  two  have  been  pretty  well  de- 
termined, and,  while  some  engineers  disagree  with  current  practice, 
the  writer  believes  from  his  experience  and  a  study  of  the  various 
State  sections  that  the  following  premises  can  be  safely  adopted : 

That  3"  to  I '  or  I  on  4  is  the  maximum  safe  slope. 

That  I "  to  I '  is  the  maximum  agreeable  driving  slope. 

That  I "  to  I '  is  the  minimum  slope  at  which  an  earth  shoulder  will 
shed  water,  without  too  much  maintenance. 

Thatt"  to  I '  is  a  satisfactory  crown  for  a  waterbound  macadam 
road  m  order  to  maintain  it  satisfactorily,  allowing  for  the  flattening 
that  occurs  under  traffic. 

That  J"  to  i'  is  a  satisfactory  crown  on  waterbound  roads  having 
tar  or  asphalt  flush  coats  or  on  bituminous  macadam  or  mineral 
bitumen.^ 

That  }"  or  |"  to  i'  is  a  satisfactory  crown  for  brick  pavement  on 
coimtry  roads. 

The  width  of  roadway  carrying  the  greater  portion  of  the  travel 
and  the  maximum  width  used  when  rigs  turn  out  to  p>ass  are  not  so 
well  established;  these  two  points  determine  the  most  economical 
width  of  hard  roadbed  and  the  minimum  convenient  driving  width, 
no  part  of  which  should  have  a  transverse  slope  of  more  than  i''  to  i'. 

Probably  the  best  data  can  be  obtained  from  the  reports  of  the 
Massachusetts  Highway  Commission,  which  resulted  from  a  careful 
study  of  these  widths  on  160  improved  roads  during  the  years  1896, 
1897,  1898,  1899,  and  1900.  Table  9  gives  the  results  on  a  few  roads 
showing  the  form  used  and  the  variation  from  year  to  year;  the 
footnote  for  Table  9  gives  a  summar>'  of  the  obser\*ations  on  all  the 
roads  for  the  years  1^6  to  1899  inclusive:  this  brief  was  prepared  bv 

'^^ew  I'ork  SUte has  adopted  for  their  191 2  work  a  crown  of  \"  per  foot  for  water 
bound  mads  Ai^  /  ^^  per  foot  for  bituminous  macadams;  this  is  extremely  flat,  allow- 
^tV/iM-the  effect  of  traffic  (see  Table  20,  page  7a)  • 
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".  V.  McCIintock,  County  Engineer,  Monroe  County,  N.Y.,  and 
lives  a  better  idea  of  the  conditions  than  would  be  conveyed  by 
■tinting  the  original  table  in  full. 


Table  9.      Showino  Widths 

OP 

Teavzled  Way 

1 

2J 

MiiximumWidihoi 
TravdHl>\'liy 

Width  of  C™m™ly  1 
Traveled  Way       j 

a 

,&^ 

.to 

jo' 

i 

is; 

.a; 

■§■ 

■s; 

i 

I 

i 

..« 

J'bil 

grt-;:::: 

lass 

nampdcD 
BeAihiie 

Uiddlsti 
F>1vr»>u(h. 

1 

10' 
11' 

>s; 

'5; 

'?' 
10' 

■1 

7'-..' 

>"^^ 

Sf",: 

Width  of  traveled  way  on  i6o  roads  in  Massachusetts,  i 
uring  the  years  1896, 1897, 1S9S,  and  1899,  and  printed  in  the  report 
he  Massachusetts  Highway  Cominission  for  1900. 

The  width  of  stone  on  these  roads  is  given  as  15'  wide  on  130,  11' 
ride  on  3,  and  lo'  wide  on  i.  It  should  be  rememb««d  that  the 
tone  is  put  on  very  much  thicker  in  the  middle  than  at  the  edges. 

The  maximum  width  of  traveled  way  as  measured  was  as  foUows: 
9   ft.   wide  on      i   roads  iS  ft,   wide    on   13  roads 


The  width  of  commonly  traveled  way  as  m 

7  ft.   wide  on   11  roads  14  ft.  wide  01 


The  author  has  measured  a  number  of  the  New  York  State  im- 
roved  roads  and  found  that  the  width  of  heavy  travel  checked  the 
lassachusetts  results  but  that  the  mi''"T"""'  '«vil!D&  -vcc^  tosn^, 
venffng  from  iS  to  ii  ft.;   tlua  probabXy  canbt  aj^uaia&Vj  "&*■ 
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increase  in  automobile  traffic  since  1900,  which,  becaiise  of  its  highei 
speed,  requires  more  room  in  passing. 

Briefly  stated,  the  widths  subjected  to  hard  wear  on  imimportani 
roads  ranged  from  8'  to  10';  on  well  traveled  roads  10'  to  14',  and  ir 
tmusual  cases  14'  to  16'.  The  maximum  wdths  used  varied  fron 
12'  to  14'  on  the  side  roads,  to  17'  and  18'  on  the  main  thoroughfares 
and  as  mentioned  above  have  increased  to  18-21'  in  the  last  lev 
years.  From  this  data,  it  ^^ms  that  the  best  practice  at  preseni 
requires  a  driving  width  for  "turn  out"  traffic  of  about  22',  with? 
variable  width  of  strong  metaling  determined  by  the  traffic  require 
ments  and  ranging  from  10'  to  20'. 

We  have  now  practically  developed  a  standard  for  the  22'  of  driving 
width;  the  metaling  that  is  to  carry  the  heavy  traffic  has  a  specifiec 
crown  for  each  variety  and  from  the  edge  of  the  metaling  to  th< 
limits  of  the  22',  the  earth  shoulder  must  have  a  slope  of  i"  to  1'  a 
possibly  i"  to  i'. 

11 
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I         k 10'"  20' ^ 

K - 22' 

Fig.  I 


The  flexibility  of  the  section  depends  on  the  portion  outside  o: 
this  22'.  The  function  of  the  extra  width  is  to  keep  the  longitudina 
drainage  of  surface  water  beyond  the  portion  used  for  driving.  T< 
do  this  we  are  limited  to  a  minimum  slope  of  i"  to  i'  to  insure  trans- 
verse drainage  and  a  maximum  of  3"  to  i'  on  the  score  of  safety.  It 
is  by  the  good  judgment  of  the  designer  in  using  various  slopes  be- 
tween these  limits  and  various  widths  and  depths  of  ditches,  combinec 
with  the  possibilities  of  different  grades,  that  the  economies  in  earth- 
work are  effected  and  at  the  same  time  the  design  is  made  appropriate 
to  the  local  conditions. 

Two  examples  are  given  to  illustrate  this  point. 


I.  INDIAN  FALLS— CORFU  ROAD  IN  NEW  YORK  STATE 

Original  Design  Revised  Design 

Length  1.85  Miles. 

NO  CHANGE  IN  PROFILE 

No  Change  in  Ratio  of  Cut  to  Fill 

Width  of  Macadam  14'  Width  of  Macadam  14' 

"      Section  30'  "      "     Section  24' 

Depth  of  Ditch        18"  Depth  of  Ditch      14" 

Original  estimated  Revised  estimated 

excavation   7500  Cu.  Yds.  excavation  5200  Cu.  Yds 

This  change  is  section  alone  resulted  in  a  saving  of  2300  cu.  yds 
excavation  or  at  the  rate  of  1240  cu.  yds.  pet  mile^  or  in  money  about 
S^foo.  00  per  mile. 


PITTSFORD— NORTH    HENRIETTA    ROAD 
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2.  PITTSFORD— NORTH  HENRIETTA  ROAD  IN 

NEW  YORK  STATE 


Length  2.67  Miles 


Original  Design 


Revised  Design 


Width  of  Section  24' 
Depth  of  Ditch  i2"-i4" 
Ratio  of  cut  to  fill  1.25% 
Maximum  Grade  5.0% 
Profile:  —  Rolling  grades 

and  reverse  vertical 

curves  used. 

Revised  estimated  excavation 
6,620  Cu.  Yds. 


Width  of  Section  30' 

Depth  of  Ditch  18" 

Ratio  of  cut  to  fill  i.3S% 

Maximum  Grade  5.0% 

Profile:  —  Designed  with  straight 

instead  of  roWng  grades  and 

tangents  of  100'  between 

vertical  curves. 
Original  estimated  excavation 
11,450  Cu.  Yds. 

A  saving  of  4,820  cu.  yds;  1,800  cu.  yds.  per  mile,  or,  in  money, 
approximately  $900.00  per  mile. 

The  revised  design  on  this  road  is  a  good  example  cf  what  can  be 
saved  by  the  use  of  a  section  that  fits  the  conditions,  a  rolling  grade, 
and  a  ratio  of  cut  to  fill  that  we  have  found  from  experience  to  be 
sufficient. 

The  author's  exj)erience  has  indicated  that  an  open  ditch  does  not 
have  much  effect  on  ground  water;  that  its  part  in  the  design  is  to 
drain  the  surface  water,  thus  preventing  seepage  into  the  road-bed 
with  a  resulting  softening  of  the  surface;  and  consequently,  whenever 
ground  water  is  encountered  under  drains  should  be  used.  Deep 
ditches  are  not  only  useless  but  dangerous,  and  the  best  practice  calls 
for  the  least  depth  that  will  handle  the  surface  water.  The  following 
section  is,  therefore,  suitable  where  there  is  no  probability  of  much 
surface  water;  it  is  the  writer's  idea  of  the  minimum  ^idth  section 
that  will  be  satisfactory,  and  where  it  can  be  adopted  will  give  the 
most  economical  grading  design  for  light  cuts  and  fills. 


Fig.  2 


22 


SECTIONS 


feu 


lof*^^ 


IJlate  I — New  York  State  1910  Standards 
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BottomCourse  tobe  Omiitetl  when 
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Same  as  Section  B 
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Plate  2 — continued 
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Condition  No.  i.  —  See  note  below. 

Trap  Rode  —  Lower  course,  No.  i  stone,  24  tons;  screenings  for 
binder,  4  tons.    Upper  couise,  No.  2  stone,  16  tons. 

Local  Stone  —  Lower  course,  No.  i  stone,  22  tons;  screenings  for 
binder,  4  tons.    Upper  course.  No.  2  stone,  14  tons. 

Total  tonnage  per  100':  Trap,  44;  Local,  40. 

Condition  No.  2  —  See  note  below. 

Trap  Rock  —  Lower  course,  No.  i  stone,  24  tons. 
No.  2  stone,  16  tons;  screenings  for  binder,  7  tons. 

Local  Stone  —  Lower  course,  No.  i  stone,  22  tons. 
No.  2  stone,  14  tons;  screenings  for  binder,  7  tons. 

Total  tonnage  per  100':  Trap,  47;  Local,  43. 

Note.  —  For  both  penetration  methods — grouting  or  the  modi- 
fied Gladwell  method — there  should  be  two  applications  of  asphaltic 
oil,  each  }  gal.  per  sq.  yd.  There  may  be  also  a  third  apphcation 
of  }  gal.  per  sq.  yd.  for  a  surface  finish.  For  surface  treatment  there 
should  be  one  application  of  \  gal.  of  oil  per  sq.  yd.  or  two  applica- 
tions of  \  gal.  each  per  sq.  yd.  on  the  finished  surface  of  the  roaoway. 


Upper  course, 
Upper  course, 
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CoiwmoN  No.  I. 
.  •  ^^^  Rock  —  Lower  course.  No.  i  stone,  ig  toxvs*,  scctecim^s^  fee 
ouKicr,  3  tons.     Upper  course.  No.  2  stone,  17  totw&. 
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Local  stone  —  Lower  course,  No.  i  stone,  17  tons;  screenings  for 
binder,  3  tons.     Upper  course,  No.  2  stone,  15  tons. 
Total  tonnage  per  100':  Trap,  39;  Local,  35. 

Condition  No.  2. 

Trap  Rock  —  Lower  course.  No.  i  stone,  19  tons.  Upper  course. 
No.  2  stone,  17  tons;  screenings  for  binder,  6  tons. 

Local  Stone  —  Lower  course,  No.  i  stone,  17  tons.  Upper  course, 
No.  2  stone,  15  tons;  screenings  for  binder,  6  tons. 

Total  tonnage  per  100':  Trap,  42;  Local,  38. 

Note.  —  Condition  No.  i:  Bituminous  Treatment  —  Penetration 
—  lower  course  bound  with  stone  screenings  or  sand. 

Condition  No.  2:  Bituminous  Treatment  —  Surface  Spraying  — 
screenings  of  sand  binder  in  upper  course. 


Plate  3 


Shoulder  Dmi'n  I'vn'de      . 
atinte/yah  fff  200. 


6'Tifk 


State  of  Washington  Standard  Section 


Thh  Stcthn  A  HmAn  ofaC/nk  drawn  ihrouqh  itm  hints 

Crown  for  ^Mxttrbwnd  Maeathm  \tot'. 
m     n  ditummous      m  -^'iot. 

New  Jersey  Standard  Section 

Plates  Nos.  i,  2,  and  3  show  some  of  the  Standard  Sections  in  use 
at  the  present  time. 

Widths  of  metaling  can  be  discussed  at  this  point,  leaving  depths 
for  the  chapter  on  "Foundations."  There  are  two  sets  of  widths  in 
general  use,'  12  ft.,  15  ft.,  20  ft.  and  14  ft.,  16  ft.,  20  ft. 

20  ft.  widths  are  not  often  required  and  it  is  evident  that  the  uaeot 
22  ft.  instead  of  14  ft.  or  15  ft.  instead  of  16  it.  meaiivs»  ^iX^t^t^  saNVCkS^ 
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(see  footnote)*and  is  good  policy  provided  the  narrower  width  serves 
the  purpose.  There  are  two  ways  of  approaching  this  problem. 
The  first  is  to  build  the  strong  metaling  just  wide  enough  to  com- 
fortably take  the  heavy  traffic,  and  if  the  natural  shoulder  material 
is  not  suitable,  treat  the  shoulders  to  a  width  of  i4'-2o'  with  gravel, 
waste  ^2  stone,  or  ^3  stone  filled  and  rolled  but  not  puddled  or  tarred, 
making  them  suitable  and  wide  enough  for  the  light  "turn  out 
traffic";  this  method  results  in  the  12'  and  15'  widths.  The  second 
way  is  to  make  the  full  depth  of  the  macadam  just  wide  enough  to 
allow  two  vehicles  to  pass  with  a  minimum  safe  clearance,  not  giving 
the  shoulders  any  special  treatment.  This  method  results  in  the  14' 
width  on  unimportant  roads.  The  16'  width  is  harder  to  justify,  as 
on  the  main  traveled  roads  it  is  wider  than  necessary  for  the  heavy 
travel  and  too  narrow  for  the  automobile  "turn  out  traffic." 

In  the  writer's  opinion  12'  should  be  used  in  preference  to  14'  on 
the  side  roads  where  the  shoulder  material  is  good  or  where  gravel  is 
cheap  or  local  crushed  stone  is  used,  making  it  possible  to  get  cheap 
#2  or  #3  stone;  the  14'  width  should  be  used  in  preference  to  1 2'  where 
the  shoulder  material  is  bad  and  gravel  or  stone  are  imported.  On 
the  main  roads  15'  is  as  satisfactory  as  16'  and  is  cheaper  under  all 
conditions,  because  the  16'  width  does  not  overcome  the  necessity 
for  a  good  shoulder. 

The  importance  of  shoulder  treatment  on  the  side  roads  should  not, 
however,  be  overestimated.  One  of  the  New  York  State  Highway 
engineers  made  a  trip  from  Albany  to  Binghamton  (130  miles)  in 
the  Fall  of  19 10  and  counted  the  rigs  he  passed;  they  averaged  one 
every  four  miles  outside  of  the  villages;  from  this  it  would  seem  that 
for  roads  of  this  class  shoulder  treatment  is  not  worth  while  unless 
fine  shifting  sand  or  heavy  clay  is  encountered. 

The  sketches  given  below  show  a  number  of  variations  of  section 
for  bituminous  macadam  which  are  applicable  to  special  conditions. 
Figure  3  shows  the  distribution  of  stone  on  unimpyortant  road  sections. 

Figure  4  gives  a  good  t>T)ical  section  for  ordinary  conditions  on  a 
main  road. 

.^1  Oravei-  It2or03 Stone  Ff Ned  and 
;3'  RolM.bijtnot Puddled orliirnd. 


I  k t4'-l8  V- >1  » 

H '^-'- 24-30 >• 

Fig.  3.  —  Bituminous  Macadam 


Orave/,  ^Zor  4^3 Stone 


AboufJ'de^hosf 


Fig.  3  a.  —  Shoulder  Treatment 

/  The  Amount  saved  per  mile,  assuming  a  depth  o(  macadam  of  6"  and  an  ..«. 
ff^,?'  ^^"^  *^  ^3-50  per  cu.  yd.  in  place  would  be  appionmateXv  Voo-oo  Va 
vxa  w place  of  14' aad  $350.00  for  use  of  is'  in  p\ace  ol  i6' . 
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Fig.  3  b.  —  No  Shoulder  Treatment 
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Fig.  4.  —  Bituminous  Macadam 
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Figure  5  shows  a  section  adapted  to  the  top  of  hills  where  a  small 
amount  of  surface  water  is  expected.  If  for  any  reason  it  is  not 
practicable  to  cut  into  the  hill  beyond  a  certain  depth  and  more  dirt 
fe  needed  for  fill  than  is  given  by  the  26'  section  at  this  depth*  the 
shoulders  can  be  widened,  provided  the  tops  of  the  slopes  keep  within 
the  right-of-way.  It  is  always  best  to  use  as  shallow  a  ditch  as 
possible,  as  it  simplifies  the  construction  and  maintenance  of  entrances 
to  the  abutting  properties. 
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26      - 
Fig.  6 


Figure  6  gives  a  section  showing  the  variations  in  fill.  A  sIoi)e  of 
1"  to  i'  beyond  the  22'  width  is  used  on  shallow  fills;  a  side  slope  of 
I  on  4  is  used  for  all  ordinary  fiUs  up  to  a  7'  depth;  beyond  a  7'  depth 
it  b  cheaper  to  erect  and  maintain  guard-rail,  using  a  i  on  1 1  slope. 
The  cost  of  guard-rail  is  taken  up  under  "Minor  Points." 

The  section  shown  in  Figure  7  is  used  for  unusuaUy  heavy  cuts  to 
keep  the  excavation  down  as  much  as  possible*,  \1  %Y\!a\3\!\TvRN«.\«, 
used  on  a  sbaip  curve  because  of  the  dimcuHy  \ii  sec\Ti!g  ^<eaA.    ^^ 
AEgmneat,  page  17,  and  O&ce  Practice,  pag^  lEi.'i 
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Fig.  8.  —  Banked  Section  in  Excavation 

Figure  8  shows  a  section  well  suited  for  sharp  curves  on  steep  grade 
the  ^ope  of  }"  to  i'  is  not  objectionable  for  slow  traffic  up  Uie  hi 
and  makes  easier  riding  for  vehicles  traveling  rapidly  down  grad* 
this  seqtion  has  also  been  used  successfully  on  sharp  curves  on  lev 
grades  and  is  becoming  a  standard  feature  of  the  New  York  Stai 
work. 


/%/'    rivT 


Figure  9  is  a  satisfactory  village  section  and  by  the  use  of  a  variali 
width  can  be  made  to  fit  conditions  on  most  streets. 
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Fig.  10.  —  Bituminous  Macadam  Tracks  on  Side 
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Fig.  10  A.  —  Village  Street,  Brick  Pavement.    Tracks  in  center,  **T 

Rail  Special  Grooved  Brick 

The  preceding  discussion  attempts  to  s^o^  onVy  the  main  poin 
fo  be  considered,  (or  every  road  presents  \qc5iX  wxv^\i«»a^«35^ 
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itsdf  that  recfture  special  solutions.  However,  if  the  Engineer  keeps 
these  points  in  mind,  he  will  make  an  economical  and  appropriate 
design. 
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Fig.  II.  — ViDage  Section.  Combined  Brick  and  Macadam  Section 
in  Front  of  Stores,  where  Horses  will  be  Hitched  Close  to  the  Curb. 
Prevents  Pawing  up  the  Macadam 

It  may  be  said  in  closing  that  many  of  the  road  widths,  as  actually 
built,  do  not  represent  the  engineering  judgment  of  the  Highway 
DepsLTtments.  On  a  road  where  it  is  evident  that  a  12'  or  14'  width 
of  metaling  would  amply  serve  the  traffic  there  is  often  a  strong  senti- 
ment that  this  locality  is  being  defrauded  because  some  other  road  is 
16'  wide,  and  if  political  influence  can  be  successfully  used  a  16'  width 
is  constructed.  This  is  mentioned  to  show  one  of  the  practical  diffi- 
culties in  attempting  to  build  an  economical  road  that  meets  the 
actual  traffic  requirements.  The  general  complaint  that  roads  are 
becoming  more  expensive  overlooks  this  contributory  cause,  and, 
while  it  is  true  that  more  expensive  constructions  are  necessary  on 
account  of  changed  traffic  conditions,  it  can  be  safely  asserted  that  m 
most  cases  where  political  expediency  overrules  engineering  judgment, 
either  in  regard  to  widths  or  materials,  an  unnecessary  expense  is 
incurred.  This  condition  is,  however,  sometimes  due  to  defects  in 
the  Highway  laws  which  allow  too  much  interference  by  local  officials 
prho  are  not  qualified  to  judge  in  such  matters,  and  it  has  been  demon- 
strated that  better  results  are  obtained  by  centralizing  the  control  of 
the  design,  particularly  in  regard  to  widths,  alignment,  and  materials, 
h  some  executive  or  conunission,  which  is  as  independent  as  possible 
li  such  local  pressure. 


CHAPTER  m 

CULVERTS  ~  SMALL  SPAN  BRIDGES  —  UllDER  DRAINS 

This  chapter  deals  with  the  smaller  drainage  structures  only.  For 
the  theory  and  practice  of  reinforced  concrete  kmg-span  structures, 
maMinr>'  arches,  or  steel  bridges,  the  reader  is  referred  to  the  standard 
works  on  those  subjects. 

The  conditions  for  transverse  surface  drainage  to  the  ditches  were 
given  in  chapter  II  and  the  minimum  ditch  grades  that  insure  the 
longitudinal  drainage  were  mentioned  under  the  heading  of  "Mini- 
mum Grades/'  page  1 1 .  EHtches  on  steep  grades  must  be  protected 
from  wash  by  cobble  paving,  cement  gutters,  or  loose  stone,  and  these 
designs  are  considered  under  "  Minor  Points,"  page  92. 

L   CulTerts 

Engineers  do  not  differ  much  in  the  design  of  these  structures. 
They  should  be  permanent;  should  be  large  enough  to  take  the  maxi- 
mum floorl  flow;  should,  if  ix>ssible,  be  self-cleaning;  must  admit  of 
being  cleaned  easilv,  when  necessary,  and  must  be  long  enough  to 
include  the  normal  width  of  section  between  parapets.  There  is 
nothing  more  unsightly  and  dangerous  than  to  have  the  width  of 
roadway  narrowed  at  a  culvert. 

Cast-iron  pipe  or  reinforced  concrete  boxes  are  generally  used. 
Cast-iron  pipe  culverts  larger  than  18"  are  rarely  designed,  as  they 
arc  not  economical.  (See  Table  No.  1 7,  page  57.)  Vitrified  pipe  should 
never  be  placed  under  the  roadbed  proper  unless  encased  in  concrete; 
even  then  cast-iron  pipe  is  preferable  and  probably  cheaper.  Where 
the  head  room  is  small,  usual  practice  calls  for  cast-iron  pipe,  and  if  the 
flow  is  large,  a  double  or  triple  line  of  pipe  may  be  constructed.  For 
small  drainage  areas  the  size  of  the  culvert  is  determined  by  the  con- 
venience of  cleaning,  rather  than  by  the  discharge  cajmcity.  Where 
sufficient  fall  can  be  obtained  to  make  it  self-cleaning,  a  12"  pipe  is 
feasible,  but  where  the  flow  is  sluggish,  nothing  less  than  a  16"  or  18" 
pipe  will  serve  satisfactorily. 

The  self-cleaning  velocity  of  flow  for  sand  and  earth  particles  is 
about  one  foot  per  second;  for  coarse  gravel  about  three  feet  f>er 
second  (Ogden's  Sewer  Design,  page  134).  A  pipe  laid  on  a  slope 
that  gives  a  velocity  of  five  feet  per  second  when  flowing  one-quarter 
full  should  keep  clean;  this  requires  a  fall  of  approximately  two  feet 
in  one  hundred  for  a  1 2"  pipe,  and  is  the  minimum  grade  at  which 
the  I  a"  size  should  be  used. 

For  the  smaller  concrete  culverts  the  shape  of  the  opening  should 
be  designed  to  allow  the  use  of  collapsible  forms. 

The  desired  size  of  a  culvert  is  usually  determined  in  the  field  by 

noting  the  dimensions  of  the  old  culvert,  if  any,  and  by  inquiries  « 

i/te  neighboring  residents  and  the  road  commisdoivei  as  \o  \vov  the 
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existing  structure  has  handled  the  water  in  the  past;  any  such  con- 
clusion should  be  checked  by  computing  the  probable  maximiun  run- 
off from  the  area  tributary  to  the  culvert.  For  the  convenience  of 
designers,  Table  No.  lo  is  given,  showing  the  approximate  maximum 
run-off  for  small  watersheds  in  flat,  rolling,  and  hilly  country.  Of 
course,  it  is  understood  that  such  a  table  is  to  be  used  simply  as  a 
guide  for  judgment. 

Table  io.    Maximum  Run-off  for  Small  Watersheds  Using 

Dickens*  Formula 

D  =  CiJ/M^.    Run-off  Expressed  in  Second  Feet 


Area  in  Square  Miles 

Flat  Country 
C  200 

Rolling  Country 
C  250 

Hilly  Country 
C  300 

o.i  =64  acres 

36 

45 

54 

0.2 

60 

75 

90 

03 

81 

lOI 

121 

04 

ICO 

125 

150 

o.S 

119 

149 

180 

0.6 

136 

170 

204 

0.7 

153 

191 

229 

0.8 

169 

211 

253 

0.9 

185 

231 

277 

I.O 

200 

250 

300 

2.0 

334 

417 

501 

30 

456 

570 

684 

4.0 

564 

705 

846 

50 

668 

»35 

1002 

6.0 

764 

955 

1146 

7.0 

860 

107s 

1290 

8.0 

950 

1188 

1426 

9.0 

1038 

1297 

1556 

lO.O 

1122 

1402 

1682 

20.0 

1890 

2362 

2834 

300 

2560 

3200 

3840 

40.0 

3180 

3975 

4770 

500 

3760 

4700 

5640 

60.0 

4310 

5400 

6480 

70.0 

4840 

6050 

7260 

80.0 

5360 

6700 

8040 

90.0 

5840 

7300 

8760 

100.0 

6320 

7900 

9480 

• 

\ 

\ 

For  areas  under  o.i  square  mile,  see  Tabic  12, 
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Dickens'  formula  takes  into  consideration  the  rate  of  rainfall  i 
character  of  the  catchment  basin  by  the  coefficient  "C"  and  is 
reliable  as  any  of  the  maximum  run-off   formulae.    Wilson  in 
"Irrigation  Engineering/'  page  19,  gives  the  following  values  of  "( 

Rainfall  3.5  to  4  inches  in  24  hours. ' 
Flat  country      C      200 
Mixed      "  C      250 

HiUy       "         C     300 


These  values  are  safe 
the  Northern  and  East 
Atlantic  States. 


Rainfall  6  inches  in  24  hours. 
Flat  country  C  300 
Mixed      "  C     325 

Hilly        "  C     350 


Table  ii.    New  York  Central  and  Hudson  River  R.R.  Cu 

VERTS  FOR  Small  Drainage  Areas 


Steep.  Rocky 

Ground. 

Acres 

Flat  Cultivation. 

Long  Valley. 

Acres 

Size.     Diameter 
in  Inches 

Equivalent  Capacity. 
Pipes 

5 

10 

10' 

10 

20 

12' 

20 

40 

16' 

25 

SO 

18' 

.two  16'  pipes 

30 

60 

20' 

two  16'  pipes 

45 

90 

24' 

two  18'  pipes 

70 

140 

30' 

two  24'  pipes 

no 

220 

36' 

two  30  '  pipes 

ISO 

300 

42' 

two  30'  pipes 

iSo 

360 

48' 

two  36'  pipes 

280 

560 

6o' 

Note.  —  To  be  used  only  in  the  absence  of  more  reliable  inf< 

mation,  particularly  existing  culverts  over  the  same  stream. 

Table   iia. 


Culvert  Design.    Iowa  State  Highway  Ccm 

MISSION  * 


Siae  of  Culvert 
Opening 


2'X      2' 

4'X    4' 

6'X    6' 

S'X   8' 

10' X  10' 


Maximum  Acres 


70 

376 

1300 

2700 

5000 


Minimum  Acre* 


28 

140 

520 

1 120 

20QO 


TYPES   OF   STRUCTURES   USED 
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Types  of  Structures  Used  * 

z.  Box  culverts  and  slab  bridges  2*  to  20'  span.    Not  economical 
over  20'  ^Mui. 

2.  Reinforced  concrete  arches  8'  to  100'.    Constant  tendency  to 
destrc^  by  temperature  strains  and  settlement. 

3.  Pony  truss  steel  bridges.    30'  to  80'  span  with  reinforced  con- 
crete floor.    Adapted  to  districts  where  concrete  materials  are  scarce. 

4.  Rcdnforced  concrete  girders,  20'  to  50'  span.    Very  economical, 
but  require  careful  design.     Not  economical  for  spans  over  ^o' , 

Where  the  road  runs  through  a  village,  a  closer  computation  may 
be  obtained  by  using  a  sewer  nm-ofif  formula. 
Tlie  Burkle-Ziegler  formula  for  such  approximations  is  as  follows: 


Cabkft.  peraec   ^ 
per  acre  reaching 
catvert 


CX 


Av.  cu.  ft.  of 
ramfjiU  per  sec. 
per  acre  during 
heaviest  (all 


4  /Av.  sic 
^  No.  of 


lope  of  ground 
per  1000 


acres  drained 


C  B  0.75  for  paved  streets  and  built  up  business  blocks. 

C  «  0.625  for  ordinary  dty  streets. 

C  —  0.30  for  villages  with  gardens,  lawns,  and  macadamized  streets. 

Trautwine  states  that  \"  of  rainfall  per  hour  equals  i  cu.  ft.  per 
second  per  acre  approximately. 

For  drainage  areas  of  under  i  square  mile,  it  is  probably  better 
to  use  the  Burkle-Ziegler  formula  even  for  farming  country,  using 
the  coefficient  C  =  0.25. 

Table  12  shows  the  amount  of  run-o£f  computed  by  this  formula 
AfMiming  a  maximum  rainfall  rate  of  a!'  per  hour  for  the  constants 
C  —  0.30  and  C  »  0.25  for  areas  up  to  i  square  mile. 

Note:  —  Quantities  in  Tables  10, 12,  and  13  computed  and  checked 
by  slide-rule;  sufficiently  accurate  for  the  purpose  for  which  these 
tables  are  intended. 

TiUi>le  13  gives  the  velocity  of  flow  and  the  discharge  capacity  of 
pipe  and  box  culverts  for  different  rates  of  fall  per  100  feet. 

Examples  of  the  use  of  tables  10  to  13  in  checking  culvert  sizes. 

1.  Determine  the  character  and  area  of  watershed  tributary  to 
culvert;  say  rolling  coimtry,  one  square  mile. 

2.  Determine  flw>d  flow  for  this  area  of  rolling  coimtry  from  Table 
No.  10;  equals  250  second  feet. 

3.  From  the  profile  of  the  stream  where  it  crosses  the  road  de- 
termine the  fall  m  feet  per  100;  say  i.o  ft. 

4.  In  Table  13  (^posite  i.o  ft.  in  the  *'Rate  of  Fall"  column,  pick 
out  the  size  that  has  a  discharge  capacity  of  250  second  feet;  equab 
4'x4'  culvert. 

Where  the  road  runs  through  a  depression  which  has  no  outlet,  a 
culvert  should  be  placed  at  the  lowest  point  to  keep  the  water  at  the 
same  elevation  on  both  sides  of  the  road,  and  the  grade  line  raised 
above  high-water  level. 

It  is  our  opinion  that  a  culvert  should  have  the  same  slope  as  the 

stream  bed.    If  given  a  greater  slope  the  o\i\\et  exvdi  VKii<^  \a  ^<:2%^ 

and  il  a,  lesser  the  inlet  end  will  plug.     It  \s  \m\xs>\3ffi\  Vox  c\XN«tv&\S2 

£n  badly,  except  when  p/aced  at  the  foot  oi  a  stjec^  \5S^  ^>Be»  ^ 

'  Set  Table  at  foot  oi  p.  54. 
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stream  velocity  is  naturally  reduced.  At  such  points  an  extra  large 
structure  shoiUd  be  designed  with  the  idea  of  providing  sujffident 
waterway  even  after  the  contraction  caused  by  this  settlement  has 
occurred.    Such  a  culvert  should  be  cleaned  after  each  freshet. 

More  trouble  is  experienced  from  culverts  becoming  filled  with  ice 
due  to  alternate  freezing  and  thawing  weather;  this  is  particularly 
true  of  small  culverts  draining  springs.  Culverts  as  large  as  2'x  2' 
have  frozen  solid  in  this  manner,  and  if  this  condition  is  anticipated 
the  size  should  be  regulated  accordingly  or  trouble  will  be  experienced 
during  the  Spring  break-up. 

In  designing  culverts  under  side  roads,  the  length  must  be  great 
enough  to  provide  an  easy  turn;  many  times  a  saving  in  length  can 
be  made  by  placing  the  culvert  a  short  distance  down  the  side  road , 
as  shown  in  figure  No.  12,  page  38. 

Table  12.    Run-off  for  Small  Areas 

Discharge  in  cu.  ft.  per  second  for  a  maximum  rainfall  rate  of  4 
inches  per  hour. 


Area  in  Acres 


} 


I 

a 
3 
4 
5 

6 

7 
8 

9 
zo 

30 
30 
40 
50 
60 

70 

80 

90 

xoo 

300 

300 
400 
500 
600 
640  ) 

T  sg.  mile ) 


FaU  of  5 

'  in  xooo 

FaU  of  30'  in  xooo 

Fan  of  5C 

1 

»'in  xooo 

C  -  0,30 

C  «=  0.35 

C  =  0.30 

C  -  0.2s 

C  =  0.30 

C  -  0.35 

X.8 

1. 5 

2.5 

3.x 

3.x 

*a.7 

30 
4-1 

2.5 
3-4 

4-2 

5.7 

3-5 
4.8 

5-4 
7.3 

i% 

S-o 

4.2 

7.2 

6.0 

9.0 

\% 

6.0 

S-o 

8.5 

7-I 

X0.7 

6.8 

5.7 

9.7 

8.1 

\2.2 

tea 

7-7 

6.4 

10.9 

9.1 

13-7 

ix-4 

8.S 

7.1 

I3.0 

lO.O 

IS.I 

13.6 

9-3 

7.8 

X3.2 

II.O 

x6.s 

13.8 

10. 1 

8.4 

14.3 

II.9 

x8.o 

xs-o 

16.9 

X4.1 

34.0 

30.0 

30.3 

2S.a 

230 

I0-2 

^^■l 

37.1 

40.7 

33-9 

28.5 
33-6 
38.6 

23.8 
38.0 
32.2 

40.3 
47.7 

54-6 

33-6 
39-8 
45-5 

50.9 
60.0 

68.7 

42-4 
50.0 

57^ 

43-3 
48.0 

36.1 
40.0 

61.4 
679 

51.2 
56.6 

77.3 
85.2 

64^    , 
7X.O    ' 

56.7 

43.7 
47.3 

73.9 
80.3 

61.6 
66.8 

93.1 
X00.8 

77.6 
84^ 

954 

79.5 

134.6 

1x2.2 

169.7 

I4M 

139.0 
160.0 
190.0 

107.7 
133-6 
158.0 

182.9 
227.0 
268.0 

I. '52-4 
189.2 

223-S 

339.7 
385.6 
336.6 
387.3 

a38.o 
a8o.5 

316.0 

180.0 

307.0 

256.0 

330.0 

^192.0 

323.0 

369.0 

406.3 

338.6 

'  200  second  feet  by  Dickens'  loimu\a,1a>a\t  \o. 
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The   following   settion    shows  a    form    of   culvert    eiVea   lued 
in  village  streets  where  deep  ditches  at  tlie  culvert  site  miuld  bs 

objectionable: 


Fic.  13 


For  the  small-uzcd  structures  required  t 
under  driveways  vitrified  tile  well  laid  is  a: 

construction;   the  wooden  bones  built  by  sc  ,  

economical,  which  is  shown  in  the  folloninj;  estimate  of  relative  □ 
of  small  ciUverts,  given  by  A.  R.  Hirsch  in  Wisconsin  Road  Pan^thlet 


.J   cany  ditdi  dnmtge 

^  suitable  as  any  style  o( 

c  Dqiartments  are  not 


Kind 

Sbeof 
Opting 

L«gih 

r«tCo*M»d 

j'Hemlockbox  

15  m 

Ml 

■  Sin 
iSin 
18  in 

sq. 

sq. 

i 

14 

$251  xm 

3S.0O 
41x0 
4a-<» 

Single  strenRth  V.  T.  P.  . 
Double  strength  V.  T.  P.  . 

SMALL  SPAR,  SOLID  FLOOR  BRIDGB8 

Uader  this  head  are  included  spans  oi  s  lo  t;  Kv^;  "^kj  vet^aa- 
ufjr  desigjied  trom  one  of  (hree  types".    ifarfoioA  iSMxeuK  tiAm 


SMALL    SPAN,    SOLID    FLOOR    BRIDGES 


39 


steel  I-beam  stringers  supporting  thin  reinforced  concrete  floor 
slabs,  or  plain  and  reinforced  concrete  arches. 

Central  piers  will  often  reduce  the  cost  of  culverts  having  a  long 
sjpan  with  small  height. 

For  structures  of  thb  class  more  care  must  be  taken  in  determining 
the  span  and  height.  On  streams  requiring  spans  of  more  than  lo 
feet  there  are  generally  existing  structures  above  and  below  the 
proposed  bridge  site  which  will  afford  the  best  basis  for  judgment. 
While  it  is  usually  good  policy  not  to  reduce  the  span  of  an  existing 
structure  it  is  often  found  that  the  present  bridge,  particularly  if  it  is 
a  steel  bridge  that  has  been  sold  to  the  town  by  an  enterprising  bridge 
company,  has  a  needlessly  long  span. 

If  the  h'eshet  velocity  of  the  stream  is  high  the  stream  bed  and  the 
abutment  foundations  may  be  protected  from  scour  by  riprap. 
However,  it  is  not  often  necessary  to  take  this  precaution  for  small 
span  bridges.  According  to  Trautwine  a  velocity  of  eight  miles  an 
hour,  or  12'  per  second,  will  not  derange  quarry  rubble-stones 
exceeding  half  a  cu.  ft.  deposited  around  piers  or  abutments.  A 
rough  approximation  of  small  stream  velocities  can  be  made  by 

assuming  a  value  of  60  for  the  constant  C  in  the  formula  V  =  C\/RS 

where  V  =  velocity  of  flow  in  feet  per  second;  constant  C  =  60. 

_,     --.   -      ,.        ,.         Cross  sectional  area  of  flow 

R  =  Hydrauhc  radius  = nr  ..  j  n    - — i 

Wetted  Penmeter. 

S  «  slope  of  stream. 

Example.  To  approximate  the  freshet  velocity  of  the  stream  shown 

having  a  fall  of  i.o  per  100',  or  53'  per  mile 


2S.0' 


C  -=  60 


100 

25 


*4 


S  = 


ICO 


=  0.0 1 


V  «  6ov^4  X  o.oi  =  6o'\/!o4  =  60  X  .2  =  12  ft.  per  second. 
Plates  No.  4  to  No.  6  c  show  the  standards  for  culverts  and  small 
bridges  as  used  by  various  State  Departments. 

Under  Drainage 

The  purpose  of  under  drains  is  to  intercept  the  groimd  water  before 
it  reaches  and  softens  the  subgrade.    On  a  side  hill  road  the  dtaia  \& 
usually  placed  under  the  ditch  on  the  up-Yi\\\  ^Afc  ^?fcft  Yvewt.'^^•>^^ 
pos/Uon  No,  I,  page  51).  where  the  greatest  dftvXii  can  \«.  ^\3ia»R«k 


NEW   YORK   STATE    SLAB    BRIDGES 
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Span 

Thickness  of 
SUb 

Net  Area 

of 

Rods 

Rod 
Spacing 

c-<: 

Length 
Dowels 

5 

8' 

0.25sq." 

41' 

12' 

6 

9' 

f< 

4' 

It 

7 

10' 

o.39sq." 

sr 

t4 

8 

10' 

ii 

Si' 

(< 

9 

ii* 

ti 

s' 

l< 

10 

ij' 

<( 

4r 

<( 

II 

ij' 

o.56sq." 

6r 

(( 

12 

13' 

(( 

6' 

i8' 

13 

13' 

t( 

sr 

(( 

U 

J4' 

i( 

sf 

n 

15 

14* 

« 

5' 

tt 

16 

IS' 

« 

4* 

f( 

17 

15' 

<( 

4j' 

u 

18 

i6' 

t< 

4j' 

tl 

19 

17' 

(1 

41' 

fi 

20 

18' 

o.77sq.'- 

Si' 

« 

21 

18' 

« 

sV 

It 

32 

19' 

<< 

s' 

24' 

23 

19' 

« 

s' 

l« 

24 

20'' 

(( 

41' 

(( 

25 

21' 

i.oosq." 

si' 

« 

For  Spans 

ft      « 

«      ti 
For  Clear  ] 

5'  to  19'  W  -  18'        For 

5'  to  19'  W  -  24*' 
20'  to  25'  W  =  24' 
Height  7'  or  less  E  -  3'-  0' 
"       8'  to  10'  E  -  4'-  o* 

Clear  Height 

«          <i 

<(          (f 

10'  or  less 
11' to  is' 
is'  or  less 

«                  (C 

"       above 

10' E  -s'-o' 

CULVERTS 
Plate  4  a. — New  York  Sute  I-Beam  Bridges 
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Plate  4 

A  —  continued 

Table  No.  6 

Number  I- Beams 
For  Concrete  Cover*  only 

Spacing 

MT  ^  1^ 

a  1^*11  \n  r^vv 

IMII^IHW 

Length  of  Culvert 

a'-e* 

a'- 9* 

3'^ 

IS*  Skew 

30*  Skew 

45*  Skew 

l8 

5 

5 

4 

18.64 

20.79 

25.46 

19 

5 

.  5 

5 

19.67 

21.94 

26.97 

20 

6 

5 

5 

20.71 

23.09 

28.28 

21 

6 

6 

5 

21.74 

24.25 

29.70 

22 

6 

6 

5 

22.78 

2540 

31-" 

23 

7 

6 

6 

23.81 

26.66 

32.53 

24 

7 

6 

6 

24.85 

27.71 

33.94 

25 

7 

7 

6 

25.88 

28.87 

35.36 

26 

8 

8 

7 

26.92 

30.02 

36.77 

27 

8 

8 

7 

2795 

31.18 

38.18 

28 

9 

8 

7 

28.99 

32.33 

39.60 

29 

9 

8 

8 

30.02 

33.49 

41.01 

30 

9 

9 

8 

31.06 

34.64 

42.43 

31 

10 

9 

9 

32.09 

35.80 

43.84 

32 

10 

9 

9 

33.13 

36.95 

45.26 

33 

II     '     10 

! 

9 

34.16 

38.10 

46.67 

1 

Appucation  of  Tables 

Quantities  for  a  30®  Skew  Concrete  Culvert,  concrete  t<w>,  lengtb 
30  feet,  opening  13  feet  high  and  12  feet  wide.  From  Table  i,aii 
opening  12.12  tt.  wide  30^  Skew  is  a  14-ft.  span  requiring  (see  30-ft. 
length,  Table  6)  9 1-Beams  spaced  2'-9*  c.  to  c.  (9  X  400)  —  3600  lbs. 
I-Beams;  218  lbs.  Bars;  400  -h  (s  X16)  =  480  sq.  ft.  Ex*p*d  Metal; 
9.78  +  (5  X  30)  =  11.28  cu.  yds.  2d  class  Concrete  32  lin.  ft.  Pipe 
Rail.  An  opening  13  ft.  high  will  require  Abutments,  16  ft.  hii^ 
(13'  +  2'  in  ground  +  10'  I-Beam  =  15'- 10').  From  Table  4, 
Abutments™  118.0  cu.  yds.,  Wings  =  102.9  cu.  yds.  (5  X4.79  ■■  23.95 
cu.  yds.  5  ft.  extra  length  of  Culvert)  118.0  +  102.9  -}-  23.95  — 
244.85  cu.  yds.  3d  Class  Concrete. 

For  Spans  of  more  than  17  feet,  use  Masonry  Tables  for  Con- 
crete Abutments  and  Wings. 
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the  least  excavation  and  where  the  water  is  caught  as  it  flows 

f  thehiU. 

ne  engineers  place  the  drain  in  position  No.  3  (figure  14),  but 

equires  more  excavation  for  the  same  depth,  and,  in  the  writer's 

3n,  it  is  more  likely  to  be  broken. 

e  usuai  depth  for  drains  is  three  feet  below  t\v.e  SMxlac!^. 

ere  the  road  is  on  a  descending  grade,  the  ^atei  ^wfflL  ^o^  «^  ^ 
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Fig.  14 


^    j^'^rtcfion 
A_       otSttpage 
PositionNo.1 


the  hill  directly  under  the  stone  and  the  drain  is  placed  as  in  figure  15, 
position  I,  or  two  drains  are  bidlt  in  position  2.  Position  i  is  the 
usual  practice,  being  cheaper  and  more  effective. 

The  argument  for  the  two  side  drains  is,  that  in  case  the  throat 
becomes  clogged,  a  side  drain  can  be  taken  up  without  dbturbing  the 
macadam.  This  rarely  occurs  in  a  center  drain,  as  it  is  better  pro- 
tected than  those  in  position  2  and  in  case  the  center  drain  does  clog, 
drains  can  be  constructed  at  any  time. 


FtsitionNcZ 


(^n  Throat,^ 
I  Position  No.  I       Position  No.  2 
Fig.  15 


No.4Stont 

No.2Stoneor6i 
farmfile i  Joints 


\'-OpenThroat 


Fig.  16 

There  are  two  kinds  of  drain  in  general  use: 

No.  I  is  built  entirely  of  stone  with  an  open  throat  roughly  laid  as 
shown;  it  is  satisfactory  in  a  water-bearing  strata  of  gravelly  loam 
or  day,  but  does  not  work  so  well  in  quicksand,  which  is  liable  to  fill 
it  up.    It  is  generally  cheaper,  however,  than  No.  2. 

No.  2  is  built  of  porous  larm  tile  or  vntrified  tile  of  a  suitable  size 
(usually  3"  to  6")  with  open  joints,  wrapped  with  a  double  or  triple 
layer  of  burlap;  the  pipe  is  surrounded  and  covered  with  clean  gravel 
or  f"  crushed  stone  to  a  depth  of  6",  the  remaining  depth  of  the 
trench  being  filled  with  large  stone.  If  this  drain  has  a  good  fall  and 
the  outlet  is  kept  free,  it  will  rarely  clog  eveiv  m  W<^  c^OilsaxA. 

Tbe  author  has  successfully  used  the  loYLoNinxit^  isvftXiisA  \ft  \>\«^^»x. 


the  outlet  From  clogging     after  being  brought  out  from  undi 

maradam    the  drain  i!>  contmued  under  and  across  the  ditch 
then  kccpinj!  outside  the  ditch  line  and  usmR  a  shghtly  sn 


ii  1  ,f  ;*Li 


1^^^-^ 


Fill.   17 

fcradient  than  that  of  the  open  ditch,  the  tile  is  continued  dowi 
hill  until  it  reaches  a  point  eight  or  nine  inches  above  the  ditch  e 
Here  it  is  turned  into  the  ojicn  ditch  through  a  small  concrete! 
wall  and  what  little  material  it  lends  to  deposit  is  washed  dowi 
ditch  by  the  surface  water.     (See  figure  17.) 

In  planninf;  the  drainage  for  a  road  improvement,  it  is  ¥.~eU  to  1 
as  few  changes  as  possible  from  the  existing  scheme.  New  cul 
or  a  change  of  direction  and  amount  of  water  discharged  thi 
farm  land  is  almost  certain  to  result  in  some  friction  with  the  01 
of  the  properties  affected. 
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ROUND   AND    SQUARE   BAR   WEIGHTS  SS 

Table  16.    Table  of  Round  and  Squaxe  Bak  Weights 


Round  Bu* 

Sq 

Bin  gorl  Twaled 

DiaiKter 

An 

WHiht 

Dinnun 

An 

Wiicbt 

.167 

X 

062^ 

.H3 

>577 

.1104 

.376 

A 

1406 

478 

igi4 

b^< 

.1963 

2500 

8,0 

1  : 

.2485 

3'64 

.3068 

1.043 

3906 

V8 

-44>S 

1.502 

5("S 

9'3 

.S18S 

1-763 

.6013 

76,0 

.6903 

3.347 

ii 

^780 

988 

.7854 

*.670 

xmo 

400 

.9940 

1.J372 

3-380 
4.1 72 

\\     \ 

S6lS 

303 

313 

1-48*9 

S-049 

1906 

42K 

' 

..J67. 

6.008 

■1 

2500 

7.650 

Kameters  expressed  in  inches.         Areas  expressed  in  square  inches. 

Veights  expressed  ia  pounds  per  foot  of  length. 

lie  twistea  square  bar  is  known  as  the  Rs.nsome  Bar. 
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Table  i8.    Properties  of  Cambria  Standard  I-Beams 


Depth  of 
Beam 


Inches 


3 
3 
3 

4 
4 
4 
4 

5 
5 
5 

6 
6 
6 

7 
7 
7 

8 
8 
8 
8 

9 
9 
9 
9 

lO 

lo 

lO 
lO 

12 
12 
12 


Wdghtper 
Foot 


Area  of 

Section 


S-SO 
6.50 

7.50 

7.50 
8.50 

950 
10.50 

9-75 
12.25 

14-75 

12.25 

14.75 
17.25 

1500 

17.50 
20.00 

18.00 
20.25 

22.75 
25.25 

21.00 
25.00 
30.00 
35.00 

25.00 
30.00 
35.00 
40.00 

31.50 
3500 
40.00 


Pounds      I    Sq.  Inches 


1.63 
1. 91 
2.21 


2.21 
2.50 

2.79 
3.09 

2.87 
3.60 

4.34 
3.61 

4-34 
5.07 

4.42 

5.15 
5.88 

5.33 
5.96 
6.69 

7-43 

6.31 

7-35 
8.82 

10.29 

7.37 
8.82 

10.29 

11.76 

9.26 
10.29 
11.76 


Thick- 
ness of 
Web 


Inch 


17 
26 

36 

19 
26 

34 
41 

21 
36 
50 

23 
35 
47 

25 

35 
46 

27 
35 
44 
53 

29 

41 
57 
73 

31 

45 
60 

/o 

35 
44 
56 


Width  of 
Flange 


Inches 


2.33 
2.42 

2.52 


5.00 

5.09 
5.21 


For  Fiber  Strew 

of  12,500  Um.  per 

Sq.  In.  for  Bridges 


Coefficient  of 
Strength 


i3,7QO 
14,950 
16,180 


2.66 
2.73 

2.8z 

24,850 
26,480 
28,110 

2.88 

29,750 

3.00 

3.15 
3.29 

40,300 
45,390 
50,490 

3.33 
3-45 
3.57 

60,520 
66,610 
72,740 

3.66 
376 
3.87 

86,260 
93,290 

lOO^O 

4.00 
4.08 
4.17 
4.26 

118,490 
125,400 
133,570 
141,740 

4-33 

4.45 
4.61 

4.77, 

157,260 

170,260 
188,640 

207,020 

4.66 
4.80 

4.95 
5.10 

203,500 

223,630 
244,050 

264,480 

299,740 
317,030 
341,540 
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Table  i8.    Continued 


Depth  of 
Beam 

Weisht  per 
Foot 

Axea  of 
Section 

Thick- 
ness of 
Web 

Width  of 
Flange 

For  Fiber  Stress 

of  13,500  lbs.  per 

Sq.  In.  for  Bridges 

Inches 

Pounds 

Sq.  Inches 

Inch 

Inches 

Coefficient  of 
Strength 

15 

42.00 

12.48 

.41 

5-50 

490,840 

15 

45.00 

1324 

.46 

5^55 

506,490 

15 

50.00 

14.71 

.56 

5.65. 

537,130 

15 

5500 

16.18 

.66 

5^75 

567,770 

15 

60.00 

17.65 

•75 

5.84 

598,410 

18 

5500 

15.93 

.46 

6.00 

736,620 

18 

60.00 

17.65 

t 

6.10 

779,440 

18 

65.00 

19.12 

6.18    * 

816,200 

18 

70.00 

20.59 

.72 

6.26 

852,970 

20 

65.00 

19.08 

.50 

6.25 

974,600 

20 

70.00 

20.59 

.58 

6.33 

1,016,490 

20 

7500 

22.06 

.65 

6.40 

1,057.340 

24 

80.00 

23.32 

.50 

7.00 

1,449,460 

24 

85.00 

25.00 

.57 

7.07 

1,505,430 

24 

90.00 

26.47 

.63 

7-13 

1,554,450 

24 

95.a> 

27.94 

.69 

7.19 

1,603.470 

24 

100.00 

29.41 

•75 

7.25 

1,652,490 

Explanation  of  the  coefficient  of  strength  in  the  above  table  and 
xamples  showing  use  in  practice. 

The  coefficient  of  strength  for  each  sized  beam  represents  the 
ryiTiTmim  uniformly  distributed  load,  in  pounds,  that  will  produce  a 
iber  stress  not  exceeding  12,500  lbs.  per  sq.  inch  multiplied  by  the 
pan  in  feet. 

If  the  load  to  be  investigated  is  a  concentrated  load  it  must  be 
rhanged  to  an  equivalent  uniform  load  in  order  to  use  the  values 
;iven.    This  b  done  by  midtiplying  the  concentrated  load  by  2. 

Example:  Suppose  that  it  is  required  to  determine  the  size  I-beam 
liat  will  carry  a  40,000  lb.  load  in  the  center  of  a  15'  span  and  a 
miformly  distributed  load  of  20,000  lbs.  The  coefficient  of  resistance 
or  the  concentrated  load  will  be  2  (40,000)  X  15  =  1200000 

Uniform  load        20,000    X  15  =    300000 

1500000 

The  required  beam  must  have  a  coefficient  of  resistance  of  1500000 
|>lus  the  coefficient  due  to  its  own  weight.  A  24"  beam  weighing  90 
A>5M)er  foot  has  a  coefficient  of  1,554,450. 

The  beam  weighs  90  X  15  =  1,350.    The  coefficient  for  the  bea.«L 
•weight  is  i,35pX  15  =  2o,2SOf  which  deducted Irom  1  ,$S^A^^^B^'^^'^^^ 
sffiaeor  o/i,ss4,^oo,  whid  is  slightly  greater  thaiiie^\}Ai«^«^^'>s»^a^^ 
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CHAPTER   IV 

FOUNDATIONS  FOR  BROKEN   STONE  ROADS 

Concrete  foundations  are  considered  under  Brick  Pavements  in 
chapter  V. 

The  real  foundation  of  a  road  b  the  earth  subgrade;  generally, 
however,  the  term  foundation  is  used  in  speaking  of  the  lower  course 
of  stone,  gravel)  etc.,  used  to  distribute  the  concentrated  wheel  loads. 
A  discussion  can  be  developed  under  the  following  heads: 

1.  The  bearing  power  of  different  soils. 

2.  The  concentrated  wheel  loads  on  improved  roads. 

3.  The  distributing  action  of  foundation  coursies  and  the  dq>th 
required  for  different  soils. 

4.  The  different  kinds  of  foundation  courses. 

5.  The  distribution  of  the  stone  in  the  foundations. 

6.  Special  cases. 

I.  Bearing  Power  of  Soils 

The  subgrade  develops  its  greatest  bearing  power  when  dry. 
In  the  following  discussion  we  assume  that  the  soils  are  protected  by 
a  well-designed  drainage  system. 

Mr.  W.  E.  McClintock,  Mem.  Amer.  Soc.  C.  E.,  Chairman  of  the 
Massachusetts  Highway  Conmiission,  published  in  the  1901  report 
of  that  Commission  a  valuable  statement  of  the  results  of  their 
investigations  on  the  bearing  power  of  soils  and  the  distribution  of 
wheel  loads  by  the  macadam.  The  conclusions  have  been  well  tested 
in  practice  and  found  to  be  satisfactory. 

'*The  Conmiission  has  estimated  that  non-porous  soils  drained  of 
ground  water,  at  their  worst  will  support  a-  load  of  about  4  lb.  per 
square  inch;  and  having  in  mind  these  figures  the  thickness  of  broken 
stone  has  been  adjusted  to  the  traffic. 

"On  a  road  biult  of  fragments  of  broken  stone  the  downward 
pressure  takes  a  line  at  an  angle  of  45  degrees  from  the  horizontal 
and  is  distributed  over  an  area  equal  to  the  square  of  twice  the  depth 
of  the  broken  stone.  If  a  diWsion  of  the  load  in  pounds  at  any  one 
point  by  the  square  of  twice  the  depth  of  the  stone  in  inches  gives  a 
quotient  of  four  or  less,  then  will  the  road  foundation  be  safe  at  all 
seasons  of  the  year.  On  sand  or  gravel  the  pressure  can  be  safdy 
put  at  twenty  pounds  per  square  inch.  .  .  . 

"Acting  on  this  theory  the  thickness  of  the  stone  varies  from  four 
inches  to  sixteen  inches,  the  lesser  thickness  being  placed  over  good 
gravel  or  sand,  the  greater  over  hea\y  clay,  and  var>nng  thicknesses 
on  other  soils.  In  cases  where  the  surfacing  of  broken  stone  exceeds 
six  inches  in  thickness,  the  excess  in  the  base  may  be  broken  stone, 
stony ^ra  vel  or  ledge  stone;  the  material  used  for  the  excess  depending 
catirely  upon  the  cost,  either  being  equally  effective." 
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CONCENTRATED   WHEEL   LOADS  6i 

2.  Concentrated  Wheel  Loads 

There  should  be  some  limit  placed  by  law  to  the  maximum  load  per 
lineal  inch  of  tire  for  vehicles  using  improved  roads.  The  roads  can 
then  be  designed  for  this  load  with  no  danger  of  failure  from  unreason- 
able pressures.  Road  work  is  handicapped  in  this  country  by  the 
lack  of  wide  tire  statutes  and  the  regulation  of  traction  engines  using 
sharp  lugs  on  the  wheels.  At  present  it  is  necessary  to  assume  a 
loadmg  that  will  probably  not  be  exceeded  by  the  unregulated  traffic. 
Many  engineers  favor  a  law  limiting  the  load  on  improved  roads  to 
700  to  800  lb.,  per  lineal  inch,  which  is  a  reasonable  limit;  with  a 
six  inch  tread  this  would  mean  a  load  of  nine  tons  for  a  four  wheel 
truck  provided  the  load  was  uniformly  distributed.  This  is  beyond 
the  limits  of  team  hauling. 

Most  of  the  mechanical  trucks  in  present  use  have  tires  wide  enough 
to  reduce  the  pressure  below  this  limit.  Near  some  of  the  large  cities, 
however,  mechanical  trucking  has  increased  to  proportions  that 
amoimt  to  a  regular  freight  line  and  excessiye  loads  are  carried;  the 
load  and  speed  for  such  trucks  must  be  regulated,  for  no  road  can 
stand  abuses  of  this  character. 

Heavily  loaded  farm  wagons  exert  a  pressure  of  about  350  lb.,  per 
lineal  inch  of  tire  width  as  determined  from  the*  records  of  produce 
dealers  in  Western  New  York,  and  the  author  believes  that  a  road 
designed  to  distribute  a  4,200-pound  wheel  load  on  a  six-inch  tire 
would  be  safe. 

Note: — The  length  of  wheel  bearing  on  a  well-constructed  mac- 
adam road  is  about  i". 

The  use  of  this  loading  and  the  application  of  the  rules  for  distribu- 
tion of  pressure  given  by  Mr.  McClintock  in  the  preceding  quotation 
results  in  a  depth  of  15"  for  heavy  clay  or  a  fine  sandy  loam,  and  a 
depth  of  5"  for  gravel,  which  check  his  results. 

The  thickness  to  be  used  in  the  intermediate  cases  must  dei>end  on 
the  judgment  of  the  engineer.  The  following  examples  are  intended 
only  as  a  guide  for  the  more  common  cases.  The  amount  for  si>ecial 
cases  often  depends  on  trial. 

Sand  and  gravel  require  from  4"  to  6"  total  thickness;  New  York 
State  uses  6"  as  a  minimimi;  Massachusetts  uses  the  following  section 
on  good  gravel: 


Wherever  the  total  depth  is  less  than  5",  the  stone  should  be  laid 
in  one  course  and  classified  as  top  stone. 

For  ordinary  clay  loam  an  average  depth  of  6"  to  8"  is  sufficient 
in  cut;  for  fills  over  2'  deep,  6"  is  enough',  Vv\^  ^"s*  ^n^w  <2>V  ^^^  ^ 
after  itey  have  once  settled,  rarely  give  txo\3^At  Nn\}a.  (i"  o\  \aRXaiss5i%. 
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Heavy  clay  requires  at  least  ii"  in  cut;  if  the  soil  is  springy  and 
especially  hard  to  drain,  15"  to  18"  is  advisable. 
For  shallow  fills  (see  figure  19): 

Old  Surface 

6ood  MateriaU  

Fig.  19 

In  shallow  or  *'p>ancake'*  fills,  clay  or  fine  sandy  loam  should 
never  be  used  where  the  natural  surface  at  this  point  is  of  a  better 
variety,  as  they  are  almost  certain  to  become  saturated  with  water 
and  will  either  squeeze  or  heave  out  of  shape;  long,  shallow  fiUs  are 
to  be  avoided,  which  is  considered  in  placing  the  grade  line,  but  where 
unavoidable,  the  best  available  material  should  be  obtained  and  the 
original  surface  well  broken  up  to  form  a  bond  with  the  new  fill. 
Wliere  clay  is  used,  it  should  be  treated  as  in  cut.  For  fills  of  inter- 
mediate depths  [i'  to  2T  8"  to  9"  is  satisfactory. 

A  fine  sandy  loam  is  difficult  to  drain  because  of  its  strong  capillary 
action.  Mr.  Charles  MiUs,  Chief  Engineer  of  the  Massachusetts 
Highway  Commission,  in  the  report  for  the  year  1902  states  that  a 
loam  of  which  30%  or  more  will  pass  a  100  sieve  will  require  from 
10"  to  15"  of  stone. 

To  illustrate  the  different  stone  depths  that  may  be  used  in  a  short 
distance,  an  extract  follows  from  the  construction  report  on  founda- 
tions for  "Clover  Street,  Section  i,"  a  road  near  Rochester,  N.Y. 
This  was  built  in  1907-1908  and  hsis  held  satisfactorily  under  farm 
traffic. 

Clover  Street  Road,  Section  i 
The  normal  depth  of  stone  on  this  road  was  7'    \^m  i^ftom 


Station  to  Station 


180 

183  +  25 
186 -1-25 

187 
190 
191 

193 


183  +  25 
186 -1-25 

187 
190 
191 

193 
200 


Character  of  Subgrade 

1 
Total  Depth 
of  Stone 

Cut  in  sand  and  gravel 

Clav  fill 

Clay  cut 

Sand,  gravel  and  clay 

Clay  cut 

1             Clay  loam  fill 

Sand  and  gravel 

6* 

8' 

11' 

7' 
12' 

7' 
6' 

PREPARATION  OF  SUBGRADB 


It  is  evident  from  the  pressures  to  which  a  road  is  subjected  that 
^e  subgrade  must  be  well  consolidated  beiote  pXadn^  \2oft  lo\qvda.t5aa 
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stone.  Thb  is  usually  effected  by  rolling  with  a  10  or  15  ton  steam 
roller,  exerting  a  pressure  of  350  to  500  pounds  per  linear  inch  of 
whe«l  width,  and  b  continued  until  the  grade  is  firm  and  compact. 

The  difficulties  of  consolidation  in  different  soils  and  the  methods 
of  overcoming  them  will  be  included  in  chapter  XI. 

KINDS  OF  FOUNDATION  COURSES 

The  foimdation  courses  in  ordinary  use  are  as  follows: 

1.  Crushed  stone 

2.  Screened  gravel 

3.  Field  stone  sub-base 

4.  Pit  gravel  sub-base 

5.  Field  stone  sub-base  bottom  course 

6.  Pit  gravel  sub-base  bottom  course 

7.  Quarry  stone  base  or  Telford 

I.  Broken  Stone  Bottom  Course. 

This  style  of  construction  is  the  one  in  most  general  use.  Where 
local  stone  is  abundant  and  well  distributed,  such  a  course  will  cost 
from  $2.00  to  $2.50  per  cubic  yard  rolled  in  place;  where  imported 
stone  is  necessary,  the  cost  depends  largely  upon  the  freight  rate  and 
the  length  of  haul  and  may  run  as  high  as  $5.00.  Bottom  of  this 
kind  is  generally  used  where  the  total  depth  of  stone  metaling  docs 
not  cxc^d  6"  to  8"  after  rolling.  Beyond  these  depths  it  is  often 
cheaper  to  substitute  sub-base  or  sub-base  bottom  course  for  a  part 
or  the  whole  of  the  broken  stone  course. 

The  method  of  construction  by  the  New  York  State  Highway 
Commission  is  shown  in  the  following  extract  from  their  191 1  specifi- 
cations: 

Stone  Macadam  Bottom  Course 

''After  the  subgrade  has  been  prepared  and  has  been  accepted  by 
the  Engineer,  a  layer  of  broken  stone  of  the  approved  size  and  quality 
for  bottom  course  shall  be  spread  evenly  over  it  to  such  a  depth  that 
it  shall  have,  when  rolled,  the  required  thickness.  The  depth  of  the 
loose  stone  shall  be  gauged  by  laying  upon  the  subgrade  cubical 
blocks  of  wood  of  the  proper  size  and  spreading  the  stone  evenly  to 
conform  to  them." 

"The  roUer  shall  be  run  along  the  edge  of  the  stone  backward  and 
forward  several  times  on  each  side  before  rolling  the  center.  Before 
putting  on  the  filler  the  course  shall  be  rolled  until  the  stone  does 
not  creep  or  weave  ahead  of  the  roller.  In  no  case  shall  the  screenings 
or  sand  lor  filler  be  dumped  in  mass  upon  the  crushed  stone,  but  they 
shall  be  spread  uniformly  over  the  surface  from  wagons  or  from  piles 
that  have  been  placed  on  the  shoulders.  It  shall  then  be  swept  in 
with  rattan  or  steel  brooms  and  rolled  dry.  This  process  shall  be 
continued  until  no  more  will  go  in  dry,  when  \ive  «m\\;slc&  ^^/>5v. 
required  by  the  Engineer,  be  sprinkled  to  moie  e^ecVvaaJX^'  ^  "^^ 
votds.    No£UersluLll  be  left  on  the  suriace,  and  «v3xl^c&  oWsoVNsso 
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course  stone  shall  be  swept  clean  before  covering  with  top  course. 
Only  such  teaming  as  is  necessary  for  distributing  the  mat^ria^l^ 
will  be  allowed  on  the  bottom  course.  Any  irregularities  or  depres- 
sions, the  result  of  settlement,  rolling  or  teaming,  if  slight,  shall  be 
made  good  ^nth  broken  stone  of  the  same  size  used  in  the  bottom 
course,  otherwise  the  stone  shall  be  removed  and  the  subgrade  re- 
graded  and  rolled.  Such  removal  and  restoring  of  the  surface  shall 
be  made  at  the  expense  of  the  Contractor.  Screenings  shall  not  be 
used  in  leveling  up  irregularities  or  depressions." 

Massachusetts  uses  no  filler;  otherwise  their  construction  b 
substantially  the  same  as  New  York. 

Where  imported  stone  is  specified  or  the  local  stone  is  suitable  for 
both  top  and  bottom  courses,  the  size  used  for  bottom  course  is 
known  commercially  as  "No.  4  stone"  and  ranges  from  2^"  to  3 J" 
in  its  greatest  dimension;  the  smaller  sizes  are  used  for  the  top 
course,  for  concrete  and  for  filler;  where  the  local  material  is  only  fit 
for  bottom,  the  course  is  made  up  of  stone  ranging  from  i"  to  3 J" 
in  order  to  use  up  the  total  output  of  the  crusher.  The  stone  smaller 
than  i"  is  used  for  filler,  on  the  shoulders,  and  sometimes  for  the 
cheaper  grades  of  concrete.  In  specif>ing  the  sized  stone  for  a 
particular  job,  economy  is  considered.  Stone  sized  from  i"  to  3}" 
IS  perfectly  satisfactory'.  The  only  reason  for  limiting  the  usiol 
size  from  2 J"  to  pj"  is  that  it  leaves  the  i"  to  2 J"  stone  for  the 
top  course;  a  uniform  grade  is  important  for  the  top  and  the  size 
mentioned  gives  a  smooth  finish. 

The  ratio  of  loose  depth  to  rolled  depth  is  given  on  page  234. 

Where  filler  is  not  used  in  the  construction  of  the  bottom  course 
more  binder  is  required  for  the  top;  it  is  our  opinion  that  the  use  of 
filler  is  the  better  construction. 

The  clause  concerning  teaming  in  the  quoted  specifications  is  a 
dead  letter;  teaming  helps  to  consolidate  Uie  bottom  provided  it  is 
distributed  over  the  full  width  and  care  is  taken  in  watching  the  course 
to  prevent  loss  of  shape  when  the  traffic  is  first  turned  on  or  after  a 
long  continued  rainfall. 

a.  Gravel  Bottom  Course. 

Screened  gravel  i"  to  3I"  in  size  is  used  in  place  of  crushed  stone; 
the  course  is  constructed  in  the  same  manner  as  described  above, 
except  that  a  filler  containing  some  clay  or  clay  loam  is  preferable 
to  a  coarse  sand,  and  it  is  often  necessary  to  wet  the  course  m  order  to 
consolidate  it  satisfactorily. 

The  choice  between  a  screened  gravel  or  crushed  stone  bottom 
depends  entirely  on  the  relative  cost.  Under  favorable  conditions  a 
screened  gravel  bottom  course  will  cost  from  $1.30  to  $2.00  per  cubic 
yard,  rolled  in  place. 

3.  Field  Stone  Sub-base. 

Field  stone  sub-base  is  constructed,  as  shown  in  the  cut,  of  fidd 
^u/ders  roughly  placed  and  filled  with  g^vd^  Nv^i^it  No.  2 
tone  or  stone  chips;    no  attempt  is  roaie  to  ^\^  VJfckfc  \«i^  tA.  ^Om^ 
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course  exactly  to  line  and  grade,  as  any  small  inequalities  can  be  filled 
with  bottom  stone.  The  depth  varies  from  5"  to  12"  dei>ending  on 
the  soil  encountered  and  the  size  of  the  available  field  stone.  In 
designing  a  bottom  course  of  this  kind,  care  must  be  taken  to  have 
accurate  data  as  to  the  average  size  of  stone  available.  If  the  de- 
mands of  a  foundation  were  fully  satisfied  by  a  5"  sub-base  course, 
it  might  still  be  more  economical  to  use  a  7"  course  if  the  stone 
averaged  seven  inches,  because  the  extra  work  of  sorting  and  sledging 
to  a  5"  size  would  result  in  a  higher  cost  per  square  yard  than  for  a 
7"  depth. 


Sub-Base 


FlC.   20 


The  amount  of  stone  and  filler  required  per  cubic  yard  in  place  is 
given  on  page  234. 

Under  favorable  conditions  this  sub-base  can  be  constructed  for 
Sx.oo  to  $1.50  per  cubic  yard. 

4.  Pit  Gravel  or  Creek  Gravel  Sub-base. 

Stony  gravel  is  a  satisfactory  material  for  sub-base;  it  can  be 
readily  constructed  for  any  depth  from  2"  to  24"  if  required,  and 
where  a  pit  or  creek  bar  is  near,  the  cost  of  such  a  course  should  run 
from  $0.80  to  $1.25  per  cubic  yd. 

The  ratio  of  loose  to  consolidated  gravel  for  such  a  course  is  given 
on  page  234. 

5.  Field  Stone  Sub-base  Bottom  Course. 

Sub-base  bottom  course  is  essentially  the  same  construction  as 
sub-base,  except  that,  as  the  top  course  is  placed  directly  upon  it, 
the  stone  must  be  more  carefully  assorted  as  to  size,  more  carefully 
placed  as  to  line  and  grade,  and  a  better  grade  of  filler  must  be  used. 


.-Top  Course 

!iiiii'j[nj^wimp- 

'^Sub-Base  Bottom  Course 


Fig.  21 

The  course  can  be  of  any  depth  from  5"  up,  depending,  as  for  sub- 
base,  on  the  soil  and  average  size  of  stone;  it  is  practically  impossible 
to  make  a  large  stone  bottom  of  this  kind  conform  exactly  to  line 
and  grade;  a  variation  of  i"  either  above  or  below  grade  is  usually 
allowed  and  the  inequalities  taken  out  with  the  top  stone;  this 
requires  that  the  top  course  must  be  at  least  t,"  dec^  "^^"^^^  x^vsjl^. 

Sub-base  bottom  is  espedally  app\icab\e  lot  \oiv^  %Xxt\.Ofts&  qV  vs^c^ 
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requiring  a  depth  of  9"  to  12";  it  usually  costs  from  $1.30  to 
$1.70  per  cubic  yard  in  place  where  fence  stone  is  available,  and  by  its 
use  the  item  of  higher-priced  bottom  stone  is  reduced.  However,  oa 
a  hard  foundation  it  is  generally  better  to  use  3"  to  4"  of  ordmtijr 
broken  stone  bottom  course  instead  of  the  sub-base  bottom  even  if 
more  expensive,  because  the  small  stone  construction  is  not  as  rigid 
as  the  boulders  and  the  top  course  will  wear  longer. 

An  extract  from  the  191 1  New  York  State  Specifications  is  ^vcn 
below: 

Sub-base  Bottom  Course 

''After  the  subgrade  has  been  prepared  and  has  been  accepted  by 
the  Engineer,  a  layer  of  an  approved  quality  of  field  stone,  quany 
stone,  or  clean  stone  from  stream  channels  shall  then  be  spread  upoo 
the  subgrade  to  such  a  depth  that  it  shall  have  when  thoroupily 
consolidated  the  required  thickness. 

"The  stone  shall  be  roughly  placed  by  hand,  with  the  larger  stone 
in  the  center  of  the  course.  It  shall  then  be  rolled  with  a  ten>tOD 
roller,  after  which  any  projecting,  bridged,  or  loose  stones  shall  be 
broken  by  hand.  A  filler  of  approved  clean  gravel,  stone  chips,  or 
crushed  stone  of  sufficient  quantity  to  completely  fill  all  voids  and 
depressions  shall  then  be  spread,  after  which  the  rolling  shall  continue 
until  the  entire  course  is  tnoroughly  consolidated,  and  conforms  with 
the  typical  section  shown  on  the  plans. 

"When  called  for  on  the  plans,  or  ordered  by  the  Engineer,  lateral 
drains  of  loose  stone  shall  be  constructed  every  100  feet  on  each  side 
and  staggered,  draining  into  ditches. 

"  No  top  course  shall  be  placed  on  sub-base  bottom  course  until 
the  sub-base  bottom  course  has  been  accepted  by  the  Engineer. 

"The  item  of  sub-base  bottom  course  will  include  the  stone,  fiDcr, 
manipulation,  and  all  necessary  work  connected  therewith.' 


»* 


6.  Pit  Gravel  Sub-base  Bottom  Course. 

A  clean  stony  gravel  makes  a  satisfactory  course;  the  depths  vaiy 
from  6"  to  15  ;  pit  or  creek  gravel  even  when  unusually  coarse  hs^ 
an  excess  of  fine  material;  when  such  gravel  is  used  as  a  bottom  course 
a  top  course  thickness  of  at  least  four  inches  is  advisable.  (See 
discussion  by  Mr.  McClintock,  Chairman  of  the  Massachusetts 
Highway  Commission,  page  60.) 

The  cost  of  gravel  sub-base  bottom  course  will  range  from  $0.80 
to  $1.50  per  cubic  yard  in  place,  providing  hauls  are  short. 

The  depth  of  the  gravel  is  gauged  by  blocks  or  lines  and  the  ratio 
of  loose  to  rolled  depth  is  approximately  1.2  (see  page  234). 

7.  Telford  Base. 

Telford  base  is  rapidly  going  out  of  use  in  the  United  States  because 

of  the  difficulty  of  maintaining  a  top  course  laid  upon  it.    It  seems 

to  be  too  rigid  and  is  more  expensive  than  sub-base  or  sub-base 

bottom  course,  costing  about  $1.80  to  %2.oo  pei  cubic  yard  under 

favorable  conditions. 
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A  good  description  of  a  Iclford  conslmction 
Person  Judscm  In  "  Roads  and  Pavements." 
km  is  an  extract  from  his  book: 

"On  this  subgrade  are  then  placed  by  hand  the  stones  forming  the 
dfcffd  foundation,  which  may  vaiy  in  size  as  shown  below:  each 
itone  must  be  set  vertically  upon  its  broadest  edge,  lengthwise  across 
he  road  and  foiming  courses  and  breaking  joints  with  the  next  course, 
«  as  to  form  a  close  and  firm  pavement.  The  stones  are  then  bound 
>y  inserting  and  driving  stones  of  proper  size  and  shape  to  wedge  the 
atones  in  their  proper  position.  All  projecting  pobts  are  then  broken 
irith  a  sledge  or  hammer  so  that  no  projections  shall  be  witliin  four 
ncbes  of  the  finished  grade  line. 

"The  telford  foundation  is  then  rolled  with  a  steam  roller  of  ten  or 
noi«  tons  wdght,  until  all  stcjnes  are  firmly  bedded  and  none  move 
inder  the  roller.  All  depressions  are  then  filled  with  stone  chips 
lot  larger  than  two  and  one-half  inches,  and  the  whole  left  true  and 
n'cn  and  four  inches  below  the  line  of  finished  grade  and  cross-section. 

"A  good  workman  will  average  about  twenty  minutes  in  setting 
1  aqmre  yard  of  this  telford  foundation,  which  may  be  formed  of  any 
und  of  quarried  rod  which  is  most  available:  cobble-stones  are  not 
niitable. 

"  The  practice  in  1901  in  the  states  named  is  here  shown : " 

Fable  19.     Sizes  op  Stone  roR  Teuord  Foundation,  in  Inches 
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In  the  discussion  of  sections,  Table  q  shows  that  most  of  the 
traffic  keeps  to  the  middle  ten  or  twelve  feet;  to  make  a  consistent 
design  the  foundation  should  therefore  be  thicker  in  the  middle  than 
on  the  sides  tor  the  ordinary  crushed  stone  bottom,  and  where  sub- 
base  is  required  it  is  often  unnecessary  to  place  it  the  full  width  of 
the  metaling. 

Figure  13  is  an  example  of  such  a  foundation  coune  lo^  ot^'nKrj 
tah  as  used  by  the  New  York   State   Hig.t'WB.y   lionini\?siE.i\  \a 
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Fig.  22 


Figure  2^  is  an  example  of  an  economical  sub-base  for  a  light 
traffic  road  as  used  by  the  Illinois  Highway  Commission  in  19 10. 


Ill 


Fig.  23 

On  a  heavy  traffic  road,  however,  the  writer  does  not  believe  that 
the  width  of  sub-base  should  be  less  than  the  width  of  metaling. 

Special  Cases. 

Long  stretches  of  comparatively  level  ledge  rock,  peat,  muck,  and 
vegetable  loam  may  be  placed  under  this  head. 

Where  a  road  is  on  the  surface  of  ledge  rock  for  any  distance,  the 
usual  cross-section  of  part  cut  and  part  fill  cannot  be  used  because 
of  the  high  cost  of  shallow  rock  excavation  for  ditches;  the  grade 
should  be  lifted  to  make  the  normal  section  a  fill  and  the  best  available 
material  (not  clay)  used  in  its  construction.  Where  conditions  of 
this  kind  prevail,  dirt  is  usually  hard  to  obtain  and  often  a  stone  fill 
is  cheaper  and  also  more  satisfactory. 

The  construction  shown  below  was  used  for  a  stretch  of  two  and 
one-half  miles  on  the  Leroy-Caledonia  State  Highway  in  New  York, 
where  ledge  rock  was  encountered  as  described. 

The  price  for  the  stone  fill  was  $1.23  per  cubic  yard  in  place,  con- 
structed as  shown;  the  road  was  built  in  19 10  and  has  given  satisfac- 
tion; such  a  base,  however,  is  very  rigid,  which  >\'ill  probably  cause 
a  more  rai)id  deterioration  of  the  top  course  than  if  earth  were  used; 
the  minimum  thickness  of  top  for  such  a  fill  is  3"  as  it  is  impossible 
to  construct  it  exactly  to  line  and  grade;  it  was  found  that  by  allow- 
ing a  variation  of  i  either  above  or  below  the  grade  elevation,  the 
fill  could  be  readily  constructed,  and  these  small  inequalities  were 
taken  out  with  the  top  stone.  A  top  course  having  such  a  variable 
thickness  should  be  i>aid  for  by  weight  and  not  by  volume  in  place. 
(See  page  230,  Cost  Data.) 
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Fill  can  be  made  of  fence  stone,  gravel,  quarry  spalls,  stone  chips, 
or  run  of  crusher  stone  over  \'  in  size. 

Method  A. —  Boulders  up  to  2  cu.  ft.  can  be  used,  placing  the 
largest  in  the  bottom  of  the  fill;  the  top  layer  must  be  fairly  uniform 
and  not  over  8'  in  size  and  must  be  roughly  placed  by  hand  to  re- 
duce the  voids  as  much  as  possible,  provided  this  layer  of  large  stone 
is  within  4"  of  the  bottom  of  the  top  course.  The  top  8'  to  be  filled 
with  stone  chips  or  gravel  and  a  cushion  of  at  least  2'  of  screened 
gravel,  stone  chips  or  crusher  run  of  broken  stone  over  J'  in  size  to 
be  placed  on  top  to  bring  the  fill  to  the  correct  grade  and  crown  for 
the  top  course. 

Method  B. —  Same  materials  and  manipulation  as  Method  A,  ex- 
cept that  provided  the  top  of  the  boulder  fill  is  more  than  4*  from 
the  bottom  of  the  top  course  the  top  layer  of  the  boulder  fill  need 
not  be  placed  by  hand.     (See  sketch.  Method  B.) 

Peat,  Muck,  Vegetable  Loam,  or  Silt. 

Where  the  material  is  semifluid  the  only  solution  is  a  pile  and 
grillage  foundation. 

Swamps,  as  ordinarily  encoimtered,  can  be  treated  successfully  by 
using  a  corduroy  or  mattress  foundation  covered  with  a  deep  fill  of 
gravel  or  large  stone.  In  some  cases  where  the  muck  is  comi>aratively 
stiff,  a  gravel  or  boulder  fill  alone  will  give  a  satisfactory  foundation. 

\l'liere  swamps  are  crossed  by  improved  roads,  the  location  usually 
follows  the  old  road  which  has  often  been  corduroyed  in  the  past; 
in  such  a  case  the  old  foundation  should  not  be  disturbed;  a  sufficient 
additional  depth  of  stone  can  be  added  to  keep  the  shape  of  the  section 
intact. 

As  an  example,  the  Scottsville-Mumford  New  York  State  im- 
provement crossed  a  1000  ft.  stretch  of  muck  on  the  old  road  location; 
it  was  found  that  the  original  cedar  corduroy  was  in  good  shai>e;  an 
18"  depth  of  large  boulders  was  placed  on  the  old  foundation  and 
surfaced  with  6"  of  broken  stone  macadam.  This  stretch  of  road 
has  kept  its  shape  and  has  not  settled;  it  affords  a  good  example  of 
the  statement  made  on  page  61,  that  in  many  special  cases  the  depth' 
of  the  stone  is  determined  by  trial;  the  boulders  were  put  on  in 
successive  layers  of  6"  each  until  there  was  no  material  movement 
under  the  roller  and  then  surfaced  with  the  brokeiv  «>Iqxv<&  T!C!C^<c^<^s&3X!l. 

Under  a  heavy  load  the  whole  road-bed  wVii  >nbT«X"&  lot  -loq  \fcfc\., 
but  the  shape  remains  intact. 
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Swamp 


Fig.  25 


Conclusions. 

In  the  design  of  a  road,  the  amount  of  material  required  for  the 
foundation  courses  can  be  only  approximated.  This  is  the  only  item 
in  the  preliminary  estimate  that  cannot  be  figured  within  definite 
limits.  It  can  be  closely  estimated  if  careful  data  on  the  soils  is 
obtained  from  local  people  and  from  the  preliminary  sur\'ey  (see 
page  1 24),  but  a  certain  leeway  must  be  given  the  constructing  engineer 
BO  that  he  may  vary  the  estimated  depths  to  meet  the  constnictioii 
conditions  and  build  a  consistent  road. 


CHAPTER  V 

TOP  COURSES 

The  selection  of  the  most  economical  top  course  that  is  suitable 
or  a  given  road  is  the  hardest  problem  of  Highway  Engineering. 

TTie  relative  economy  of  the  different  constructions  is  theoretically 
9q>ressed  by  the  sum  ot  the  first  cost  and  the  capitalized  cost  of 
naintenance  and  renewal.  -  The  first  can  be  readily  estimated,  but 
J^e  cost  of  maintenance  and  renewal  cannot  be  figured  with  any 
iegree  of  accuracy  for  single  special  cases,  and  even  on  large  systems 
t  can  only  be  approximate  because  of  the  new  factor  of  motor  vehicle 
zaffic  The  life  of  any  surfacing  is  comparatively  short,  a  fact 
generally  overlooked  in  most  of  the  popular  literature  on  Good  Roads. 

Oto  any  road  the  amount  and  class  oi  traffic  will  fluctuate,  and  roads 
that  are  designed  for  light  travel  will  often  fail  under  temporary 
tieavy  traffic  which,  for  some  reason,  is  diverted  from  its  normal 
;x>urse.  The  first  improved  roads  built  in  any  locality  will  for  a 
time  carry  more  than  their  share  of  the  traflic,  which  is  naturally 
reduced  by  the  subsequent  construction  of  adjacent  improvements. 
[t  can  be  readily  seen  Uiat  it  is  difficult  to  judge  the  amount  of  traffic 
I  road  will  handle  and  that  a  short- time  traffic  estimate  is  valueless 
IS  a  basis  for  a  definite  conclusion. 

The  design  of  the  top  course  is  usually  based  on  a  comparison  of 
the  actions  of  different  kinds  of  previously  improved  roads,  that 
serve  districts  similar  to  that  imder  consideration. 

Any  discussion  at  this  time  of  the  methods  of  construction  of  the 
newer  types  of  surfacing  will  be  of  little  permanent  value,  and  this 
chapter  is  largely  confined  to  crown,  thickness,  footing,  and  cost, 
and  to  a  brief  description  of  the  methods  and  some  of  the  construc- 
tional difficulties  we  have  personally  encountered.  Any  conclusions 
vrhich  may  be  adopted  are  liable  to  be  modified  by  further  observation 
[>f  the  behavior  of  the  different  tops  under  longer  cohtinued  service 
conditions. 

Waterbound  Macadam 

Waterbound  macadam  is  constructed  of  crushed  fragments  of 
suitable  rock,  filled  with  rock  dust  and  sprinkled  and  rolled  until 
firm  and  hard.  The  cost  varies  from  about  $3.50  per  cubic  yard  where 
local  materials  are  available  to  $6.00  where  the  stone  is  imported  and 
the  haul  is  long.  A  fair  average  price  for  roads  in  Western  New  York 
would  be  $4.30  per  cubic  yard,  or  35^  per  square  yard  for  a  three- 
inch  depth. 

Depth  of  Course. 

As  the  top  stone  is  relatively  more  expensive  than  the  bottom 
cx>urse  a  good  design  calls  for  the  least  thickness  of  top  which.  ca^^^V^ 
luc^ssfujly  constructed  and  maintained. 
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In  1 901  the  thickness  used  for  top-course  macadam  in  Massachu- 
setts, New  York,  Connecticut,  and  New  Jersey  was  2",  and  the  size 
of  the  top-course  stone  fragments  ranged  from  J"  to  i  J"  in  Massa- 
chusetts to  i"  to  2"  in  New  York.  Experience  demonstrated  that 
with  a  course  as  thin  as  2",  the  larger  stone  fragments  tended  to 
"kick  out "  under  traffic  and  that  the  top  wore  out  by  raveling  rather 
than  by  the  abrasive  action  of  the  teaming.  For  this  reason  the  best 
practice  at  present  calls  for  a  3"  depth  of  finished  top  course,  using 
stone  ranging  in  size  from  i^"  to  2\  \  this  depth  makes  it  possible 
for  the  large  stone  fragments  to  interlock  more  firmly  than  in  a  2" 
course. 

Crowns. 


*. 


The  cro>*'ns  used  on  plain  macadam  are  I"  to  i'  to  }"  to  i 
while  V'  to  i'  is  satisfactory  when  first  built,  the  gradual  loss  (rf 
crown  due  to  traffic  and  weather  action  soon  makes  it  too  flat  to  shed 
the  water.  Mr.  Charles  Mills,  Chief  Engineer  of  the  Massachusetts 
Highway  Commission,  reports  the  following  loss  of  crown  on  State 
roads  in  Massachusetts  and  concludes  that^  an  original  crown  of )" 
to  I '  is  advisable,  except  in  villages  where  the  traffic  is  in  two  lines. 
A  J"  to  I '  crown  has  proved  satisfactory  in  New  York  State. 

Table  20.    Tests  Made  in  December,  1901 


Date  of  Orifonal 
ConstructKHi 


1895 
1896 

1897 
1898 
1899 


Number  of 
Tests 


OriKin^l  Crown 
(Inches  p>er  Foot) 


9 
12 

7 

2 


0.694 

0.583 
0.645 

0.625 

0.688 


Present  Crown 
(Inches  per  Foot) 


0.500 
0.514 
0.500 
0.500 
0.625 


From  the  Massachusetts  Highway  Report  for  1901. 

Maximum  Grades. 

Waterbound  macadam  gives  a  good  footing  for  horses  on  the 
steepest  grades  that  arc  ever  constructed;  the  limit  of  grade  for  this 
construction  is  determined  by  the  cost  of  maintenance;  on  steq) 
grades  macadam  washes  badly  and  the  cost  of  maintenance  is  high. 
Good  practice  limits  its  use  to  grades  of  5%  or  under,  although  it 
has  been  used  and  maintained  successfully  on  grades  as  high  as  12%. 

Advantages  and  Disadvantages. 

Waterbound  macadam  does  not  require  particularly  rigid  inspectioD 
during  construction  and  can  be  built  under  almost  any  weather  condi- 
tions except  freezing.     By  its  method  of  construction  the  voids  be- 
twecn  the  large  stone  fragments  arc  completely  filled  with  solid 
material  and  there  is  no  tendency  to  squeeze  oi  ctiic^  2&  m  some  of 
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the  asphaltic  macadams.  If  carefully  built  it  maintains  its  longitudi- 
nal and  transverse  shape  and  is  an  easy  riding  road  for  both  team  and 
motor  traffic. 

Under  heavy  automobile  traffic,  however,  a  plain  waterbound 
m^^Ham  is  not  satisfactory  as  the  machines  remove  the  fine  dust 
particles  between  the  larger  stones,  leaving  a  rough  surface  which 
*' kicks  out"  under  team  traffic.  For  this  reason  waterbound  roads 
which  are  receiving  much  motor  traffic  are  generally  being  treated 
with  some  kind  of  a  dust  layer  or  a  bituminous  protecting  coat,  or 
have  been  supersede  by  bituminous  macadams,  brick,  natural 
asphalts,  or  some  variety  of  top  course  that  will  better  resist  the  wear 
of  automobile  travel. 

Waterbound  Roads  Treated  with  Dust  Layers  or  Protected  by  Flush 
Coats. 

If  waterbound  macadam  is  kept  moist  by  sprinkling  with  water, 
rapid  disintegration  under  light  machine  traffic,  traveling  at  medium 
speeds,  is  prevented.  For  light  traffic,  city  or  village  streets,  this  is 
feasible,  but  the  cost  of  sprinkling  long  stretches  of  country  roads  is 
prohibitive,  and  where  the  speed  is  high,  as  usually  occurs  on  the 
main  improved  country  roads,  sprinkling  alone  will  not  satisfactorily 
protect  a  plain  macadam. 

The  application  of  calcium  chloride  to  a  road  surface  keeps  the  dust 
down  for  a  longer  period  than  sprinkling  with  water,  as  this  salt  has 
the  property  of  absorbing  moisture  from  the  atmosphere  and  con- 
densing it  on  the  road  suriace;  on  side  roads  three  or  four  applications 
a  season  have  kept  the  suriace  in  good  condition.  The  salt  is  applied 
with  an  ordinary  agricultural  drill,  using  about  }  of  a  pound  per 
square  yard  for  the  first  application  and  slightly  less  for  the  succeeding 
applications.  In  Western  New  York  the  cost  of  the  first  application, 
12  wide,  has  been  from  $60.00  to  $70.00  per  mile;  the  succeeding 
applications  cost  from  $30.00  to  $40.00  per  mile,  making  the  cost  of 
such  treatment,  p>er  mile  per  year,  about  $150.00.  Complaints  have 
been  made  that  the  application  of  too  much  caldum  chloride  has 
caused  soreness  to  horses'  feet,  but  using  the  quantities  given  above, 
no  trouble  has  been  experienced,  to  the  writer's  knowledge.^ 

The  application  of  calcium  chloride  does  not  build  up  the  road  or 
form  a  wearing  cushion  that  protects  the  stone;  it  merely  prevents 
the  fine  surface  dust  from  being  blown  away  or  removed  by  the 
machines. 

Glatrin. 

Glutrin  is  a  trade  name  for  the  liquid  which  is  nm  out  of  sulphide 
tanks  in  the  manufacture  of  pulp;  it  is  distilled  and  the  acids  neu- 
tralized. It  resembles  molasses  in  color  and  consistency,  is  soluble 
in  water,  and  is  applied  by  sprinkling  the  suriace  of  the  road  with  one 
part  glutrin  dissolved  in  one  or  more  parts  of  water,  using  from  0.3  to 

>  We  are  indebted  to  Mr.  Frank  Bristow,  Superintendexit  ol  '^c\n^s&>  '^w  H^sdc 
State  DepartjaeDt  0/  Highways,  for  much  of  the  d&la  on  CaXoMm  0^fw\t.,Q\>a^xaH 
MadCo/dmiag' 
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o.s  gallons  of  the  glutrin  mixture  per  square  yard  treated.  The  rotd 
surface  need  not  be  swept  if  the  dust  is  not  more  than  }''  deep.  It 
hardens  the  surface  to  a  certain  extent  and,  apparently,  prevents 
raveling  if  applied  twice  during  a  season  on  roads  receiving  a  moder- 
ately heavy  traffic.  According  to  Hubbard  an  addition  of.  5%  to 
15%  oi  semiasphaltic  oil  to  the  glutrin  prolongs  its  efficiency,  but 
such  an  addition  tends  to  produce  an  oily  mud  in  continued  wet 
weather;  glutrin  alone  does  not  produce  this  objectionable  conditioD. 
Glutrin  has  been  laid  in  New  York  State  under  an  agreement  with 
the  Robeson  Process  Company  of  Ausable  Forks,  at  a  cost  of  $0.04) 
to  $o.o6i  per  square  yard  of  surface  actually  treated. 

Cold  Oiling. 

Macadam  surfaces  treated  with  light  refined  tar  or  asphaltic  oil 
give  a  nearly  ideal  surface  in  dry  weather,  but  have  the  senous  objec- 
tion of  producing  an  oily  mud  in  continued  wet  weather,  wUch  is 
hard  to  clean  from  rigs  and  is  ruinous  to  clothes. 

The  road  to  be  treated  is  swept  dean  of  dust  and  the  oil  is  applied 
by  special  sprinklers,  using  from  0.3  to  0.4  gallons  per  square  yard. 
The  surface  must  be  dry  when  the  oil  is  applied.  It  is  then  covered 
with  a  good  quality  of  gravel.  No.  2  stone,  or  dustless  screenings. 
In  Western  New  York  the  cost  has  ranged  from  $0,045  to  I0.066  per 
square  yard,  including  sweeping,  materials  (oil  and  covering),  and 
the  labor  of  placing. 

On  medium  traffic  roads,  one  application  a  season  is  sufficient  and 
on  light  traffic  roads  one  application  will  sometimes  last  for  two 
seasons. 

Hot  Tar  and  Asphaltic  Residttum  Flush  Coats. 

Bituminous  flush  coats  are  applied  by  sweeping  the  macadam 
carefully  to  remove  all  surface  dirt  as  well  as  the  stone  or  sand  filler 
to  a  depth  of  about  i"  below  the  top  of  the  larger  stone  fragments. 
On  this  rough,  clean,  dry  surface  a  heavy  refined  tar  or  a  bituminous 
residuum  of  the  binder  grade  is  spread  hot,  using  from  0.3  to  08 
gallons  per  square  yard.  The  binder  is  applied  at  temperatures 
ranging  from  250°  to  400°  F.,  and  is  spread  cither  by  hand-sprinkling 
pots  or  is  sprayed  on  by  specially  devised  pressure  sprinklers.  It  b 
then  covered  with  a  layer  of  clean  No.  2  stone  (}"),  or  dustless 
screenings  and  thoroughly  rolled.  A  well  constructed  surface  of 
this  kind  resembles  asphalt.  It  protects  the  macadam  from  raveling, 
is  waterproof,  forms  a  surface  which  takes  the  wear  of  the  traffic 
from  the  large  stone  fragments,  and  gives  a  pleasing  appearance. 
However,  it  cannot  be  laid  in  wet  or  cold  weather;  like  a^halt,  it  is 
slippeiy  and  will  not  give  satisfactory  footing  for  horses  on  grades 
over  4%,  and,  unless  laid  evenly,  will  develop  short,  sharp  waves  or 
humps,  which  are  very  disagreeable  for  fast-moving  automobile 
traffic.  Some  engineers  advance  the  argument  that  by  successive 
applications  of  such  a  flush  coat  a  road  can  be  maintained  indefinitely 
without  recappingy  but  as  far  as  the  writer  has  been  able  to  observe, 
where  heavy  binders  are  spread  by  hand  metVvo^  \X\&  io^kd&  become 
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humpy  from  continued  treatment  of  this  kind  that  recapping  will 
necessary  to  even  up  the  surface  on  the  score  of  comfort  ^one. 
is  claimed  that  a  medium  heavy  bituminous  material  applied  by 
essure  sprinklers  overcomes  this  diiliculty. 

The  cost  of  flush  coats  exclusive  of  covering  ranges  from  $0.12  to 
>.i6  per  gallon,  or  about  $0.09  per  square  yard.  If  applied  to  a 
acadam  road  during  construction  the  cost  of  the  plain  macadam  is 
creased  approximately  $0.10  per  square  yard,  making  $0.45  per 
uaje  yard  a  fair  comparative  figure  for  flush  coat  and  waterbound 
acadam  construction. 

The  crown  ordinarily  used  on  flush  coat  roads  is  i"  to  i'. 
All  bituminous  binders  have  the  following  practical  disadvantages 
tiether  applied  as  surface  coats  or  as  binders  in  bituminous  mac- 
lams.  The  composition  of  residuum  products  is  so  complex  and  so 
sily  varied  that,  to  get  imiform  results,  each  shipment  must  be 
mpled  and  analyzed  to  insure  certain  required  properties.  In 
ating,  care  must  be  taken  not  to  char  the  binder,  as  tnis  destrovs 
I  life  and  effectiveness.  They  cannot  be  applied  in  wet  or  cold 
sather,  which  reduces  the  length  of  the  construction  season,  and 
aitsss  evenly  spread  a  rough,  humpy  road  results. 

taminoos  Macadams. 

Bituminous  macadams  arc  constructed  in  two  ways,  by  the  pene- 
ation  method  and  by  the  mixing  method. 

nietration  Method. 

Most  of  the  bituminous  roads  in  New  York  State  have  been  built 
r  this  method. 

The  larger  stone  fragments,  ranging  in  size  from  i"  to  2",  to  i"  to 
\",  depending  on  the  depth  of  the  course,  are  spread  and  rolled; 
heavy  grade  of  refined  tar,  residuum  bituminous  material,  or  fluxed 
Ltural  asphalt,  is  then  poured  hot,  either  by  hand  or  machines,* 
to  the  voids  of  the  stone  so  that  the  stone  fragments  are  covered 
ith  a  thin  coat  of  bituminous  material;  No.  2  stone,  or  dustlcss 
reenings  are  ^read  over  the  surface  and  broomed  and  rolled  until 
e  voids  are  filled;  if  a  flush  coat  is  to  be  used  the  excess  filler  is 
oomed  off  and  the  surface  coat  applied  in  the  same  manner  as 
scribed  for  plain  macadam.  Wliere  the  flush  coat  is  not  applied, 
wearing  coat  of  clean  screenings  is  spread  over  the  surface. 
The  amount  of  bituminous  material  used  as  binder  varies  from 
25  gallons  to  1.75  gallons  per  square  yard,  depending  on  the  depth 
the  course.  The  amount  used  for  flush  coats  ranges  from  0.3  to 
Sgallons  per  square  yard. 

The  cost  of  a  one-coat  2"  bituminous  top,  using  1.25  gallons  per 
uare  yard,  will  range  from  $0.35  to  $0.45,  and  a  3"  one-coat  top, 

>  The  author  has  never  seen  the  heavier  binders  successfully  spread  by  machines 
a  loose  top  course  as  required  for  the  penetration  method:  it  b  difiicull  to  corckr 
A  the  speed  of  the  machine  and  prevent  overlap;  han<\  weVVvo^  \qic  V^t  VnsX.  ^^anX 
vt  beeo  loeaUv  more  satisfactory;    for  maintenance  ot  second  coaX  "««^x  >mb»% 
dEftuB  heavy  oik,  aucbines  are  better  than  hauod  OMtboda. 
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using  1.75  gallons  per  square  yard,  from  $0.50  to  $0.60  a  square  yard.    | 
The  flush  coat  using  0.4  gallons  per  square  yard  will  add  about  $0.06 
to  the  above  costs.    For  the  purpose  of  comparison  with  macadam 
a  fair  set  of  prices  is, 

2"  Bituminous  top,  one  coat  of  bitumen  .    .  $0.40  per  square  yard 

2"  "  "    flush  coat $0.45     "      " 

3"  "  "    one  coat  of  bitumen  .    .$0.55     "      " 

3"  "  "    flush  coat $0.60    •'      **  " 

Mixing  Method. 

The  stone  and  bitumen  are  mixed  hot,  either  by  hand  on  mixing 
boards  or  by  specially  designed  machine  mixers.  The  mixture  is 
then  spread  in  the  same  way  as  sheet  asphalt.  A  flush  coat  can  be 
used  if  desired.  The  1910  New  York  State  specifications  call  for 
I  cu.  yd.  of  mixed  No.  2  stone  (}")  and  No.  3  stone  (li")  to  17 
gallons  bitumen  of  the  binder  grade. 

The  mixing  method  is,  at  present,  more  expensive  than  the  pene- 
tration method.  So  few  roads  of  this  character  have  been  buOt,  in 
New  York  State,  at  least,  that  an  attempt  to  submit  any  general 
cost  data  of  which  we  have  personal  knowledge  would  be  futile. 
The  follo^^'ing  instance  may  be  taken  as  a  fair  price;  a  3"  mixed 
bituminous  top  was  laid  near  Rochester,  N.  Y.,  for  $1.24  per 
square  yard,  including  a  five-year  guarantee.  New  portable  mixers 
are  being  put  on  the  market,  which  will  doubtless  reduce  the  cost. 
The  author  sees  no  advantage  in  the  mixing  method  over  the  pene- 
tration method,  for  country  roads,  unless  by  it  the  cost  can  be  reduced 
below  $0.50  i)er  scjuare  yard.  There  seems  to  be  no  reason  why  it  is 
necessary  to  have  the  bituminous  binder  effective  throughout  the 
full  depth  of  the  top  course  to  prevent  raveling. 

Depth  of  Top  Courses  for  Bituminous  Macadams. 

In  19 10  New  York  State  adopted  a  depth  of  2"  using  1.25  gallons 
as  binder  and  0.5  gallons  as  flush  coat  per  square  yard. 

In  191 1  a  3"  depth  was  used  with  1.25  gallons  per  square  yard  as 
binder  and  0.4  gallons  as  flush  coat. 

A  2"  bituminous  top  will  not  fail  by  raveling,  the  defect  mentioned 
for  a  2"  waterbound  macadam  course,  but  it  has  certain  construc- 
tional difficulties.  To  construct  a  2"  course  no  stone  should  be  over 
2"  in  its  largest  dimension.  Because  of  the  tendency  to  crack  under 
concentrated  wheel  loads,  none  of  the  stone  forming  the  main  body 
of  the  course  should  be  less  than  one  inch  in  size.  These  limits  of 
size  are  so  narrow  that  difficulty  has  been  experienced  in  procuring 
sufficient  stone  for  top  when  crushing  local  material  and  even  when 
the  stone  is  obtained  from  a  commercial  plant,  the  same  diffictilty 
is  often  encountered.  Also  in  spreading  such  a  depth  with  stone 
ranging  in  size  from  \"  to  2".  there  will  be  places  where  the  metaling 
is  only  one  stone  deep  and  the  fragments  do  not  fit  as  closely  together 
nor  have  the  same  chance  to  interlock  as  in  a  deeper  course.  The 
spaces  between  these  stones  are  filled  "with  the  No.  2  (}")  size,  which 
f^ears  more  rapidly  under  traffic  than  l\vc  W^ei  p\ccfts  mA  xXa  x«wl 
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tends  to  become  rougher  than  would  occur  if  the  i)"  stone  fitted 
closer  together.  This  last  argument  does  not  apply  to  flush  coat  roads. 

The  argument  is  often  made  that  a  3"  top  will  last  one  and  one- 
half  times  as  long  as  a  2"  top  because  it  has  one  and  one-half  times 
as  much  material,  but  the  life  of  a  top  course  rarely  depends  on  its 
total  thickness,  as  it  will  become  so  badly  out  of  shape  before  the 
general  elevation  has  worn  down  an  inch  that  it  will  need  recapping. 

In  attempting  to  meet  these  difhculties^  2|"  and  3"  courses 
have  been  built;  as  far  as  the  author  has  been  able  to  judge^  the  2^" 
depth  remedies  the  defects. 

When  pouring  bitumen  in  the  penetration  method,  a  pocket  of 
fine  stone,  dirt,  etc.,  wiH  sometimes  hold  the  binder  near  the  top  in 
too  great  quantities;  during  hot  weather  the  bitumen  swells  and,  as 
the  voids  are  full  in  these  spots,  it  rises  to  the  surface  and  forms  a 
hump  or  wave.  This  trouble  is  not  so  frequent  on  either  2}''  or 
3"  courses  as  on  the  2"  depth. 

The  writer's  present  opinion  is  that  a  2 J"  depth,  using  about  1.4 
gallons  bitimien  per  square  yard  in  one  coat,  will  give  satisfaction. 


Crowns. 


The  crowns  used  on  bitimiinous  macadams  range  from  }"  to  i' 
to  J"  to  i';  i"  to  1'  b  generally  used  and  is  apparently  satisfactory. 

Footing. 

A  single  coat  road  affords  good  footing  on  any  grade  that  will  be 
adopted  as  suitable  for  heavy  hauling;  such  a  top  course  will  not 
wash,  which  makes  it  easy  to  maintain  on  hills. 

A  flush  coat,  however,  cannot  be  used  to  advantage  on  grades 
over  4%. 

Adrantages  and  Disadvantages. 

Bituminous  macadam  without  a  flush  coat  provides  good  footing 
for  horses;  it  will  not  ravel,  is  easy  to  repair  for  small  depressions 
and  ruts,  is  comparatively  dustless  and  keeps  its  longitudinal  and 
transverse  shape  well,  making  a  comfortable  riding  road  for  fast 
travel.  On  the  other  hand,  it  will  probably  wear  more  rapidly  than 
the  flush  coat  construction  as  the  traffic  comes  directly  on  the  stone; 
it  is  subject  to  the  practical  disadvantages  of  construction  of  all 
roads  where  bituminous  materials  are  used;  it  is  not  waterproof 
when  first  constructed;  this  last  defect,  however,  is  remedied  by 
the  trafiic  which  grinds  up  the  surface  wearing  coat  and  forces  it  into 
the  voids.  As  a  matter  of  fact,  the  combined  action  of  traffic  and 
weather  puddles  the  road,  and  after  about  six  weeks  use  we  can  say 
that  the  road  has  a  bituminous  bond  and  a  water-puddle  finish. 

Flu^  coat  bituminous  macadams  are  more  dustless  than  the  single 
coat,  are  more  nearly  waterproof  when  first  built,  look  smoother  at 
first,  and  will  probably  cost  less  to  maintain.   Hovfevex^xSae^  ^^xsax. 
give  as  good  a  footing  as  the  single  coat  and  ate  \\a\At  \o  ^^n^^s^ 
waves  and  bumps  disagreeable  to  fast  tra^hc. 
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If  a  flush  coat  is  used  there  seems  to  be  no  advantage  in  a  bitumi- 
nous binder,  as  the  flush  coat  alone  prevents  raveling  and,  if  sudi  is 
the  case,  the  binder  used  throughout  the  depth  of  the  course  is  a 
waste  of  money;  a  waterbound  bituminous  flush  coat  course  might 
better  be  used.  In  choosing  between  a  flush  coat  construction  or  a 
single  coat  bituminous  maoidam,  the  author  believes  that  a  single 
coat  bituminous  macadam  is  the  better  design;  although  it  will 
probably  cost  more  to  maintain,  the  increased  safety  and  comfort 
to  the  traveling  public  b  worth  the  expenditure. 

Natural  Rock  iUphalts. 

Sandstones  and  limestones  containing  a  certain  percentage  of 
bitumen  are  known  as  rock  asphalts.  The  most  common  source  of 
supply  for  the  Eastern  States  is  Kentucky,  and  the  product  is  known 
as  **  Kentucky  Rock  Asphalt."  It  is  a  sandstone  containing  about 
7%  to  io%  of  maltha.  It  is  pulverized  at  the  mine  and  is  shipped 
and  applied  cold  in  the  following  manner:  2"  to  2}"  of  stone, 
ranging  in  size  from  i"  to  i  J*,  are  spread  and  rolled  slightly.  The 
rock  asphalt  is  nm  through  a  shredding  machine  and  spread  over 
the  stone,  using  approximately  forty  pounds  per  square  yard.  The 
whole  mass  is  then  thoroughly  rolled,  preferably  with  a  six  or  eight 
ton  tandem  roller;  forty  pounds  per  square  yard  of  pure  rock  asphalt 
is  then  spread  as  a  wearing  coat  and  well  rolled;  the  rolling  is 
continued  intermittently  for  a  number  of  days  after  the  trafhc  is 
turned  on  the  road.  The  cost  of  such  a  course  has  been  about  $0.70 
per  square  yard  in  Western  New  York. 

The  crown  ordinarily  used  b  J"  to  i'. 

Advantages  and  Disadvantages. 

The  road  b  pleasing  in  appearance,  is  not  as  slippery  as  sheet 
asphalt,  and  will  not  ravel  under  motor  traffic.  However,  it  b  hard 
to  construct  in  cold  weather,  is  not  uniform,  and  will  ravel  in  spots. 
It  has  defects  in  common  with  sheet  asphalt  of  showing  wear  by  de- 
veloping short  humps  and  hollows  disagreeable  to  fast  traffic.  The 
steepest  grade  on  which  it  can  be  used  advantageously  is  about  5%, 
as  it  becomes  slippery  in  cold  weather,  and  in  warm  weather  it  some- 
times softens  enough  to  make  hard  pulling  for  hea\'y  loads. 

Other  Surf  adngs  of  a  Bituminous  Nature. 

There  are  any  number  of  patented  pavements  that  can  be  classed 
under  this  head  to  which  this  book  cannot  give  space. 

Sheet  asphalt  and  the  *' Warren  Brothers'  BituUthic  Macadam** 
are  good  p>avements  but  are  too  expensixc  for  consideration  except 
in  unusual  cases. 

"  Amiesite,*'  a  patented  material,  made  of  crushed  trap  rock  coated 

with  asphaltic  cement,  has  been  used  on  some  of  the  New  York  State 

jToads  with  good  results.    It  is  shipped  cold  in  a  friable  and  granulated 

^^te,  spread  4"  deep  loose  which  rolls  lo  3";  on  this  rolled  surface 

aimesite  screenings  Sire  spread  and  roUed  m.    Tbfc  cosX  \iaA  V««dl 
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approximately  $i.oo  per  square  yard.  It  resembles  a^halt  in 
appearance  and  has  the  advantages  and  disadvantages  of  all  roads 
ox  this  class. 

Brick  Pavements. 

The  ordinary  brick  pavement  construction  is  probably  familiar 
to  most  readers.  On  a  concrete  foundation  about  6"  in  thickness  a 
sand  cu^ion,  varying  in  depth  from  i"  to  2",  is  spread  and  the 
paving  brick  are  laid  on  this  sand  bed  so  as  to  break  joints;  the 
brick  are  well  rolled  and  the  joints  filled  with  sand,  cement  grout,  or 
paving  pitch.  Longitudinal  expansion  joints  of  pitch  are  providwi 
next  to  the  curbs  or  edgings,  transverse  expansion  joints,  spaced  30' 
to  50',  are  used  by  some  designers.  The  proper  provision  for  expan- 
sion in  brick  pavements  is  a  disputed  point. 


I  .|    yiiPitthExparahn Joint 


■J^-/i'Ja/td 


Transrerse  Expamhrtxhinfi  «£xrcM/ 
30  fo soft  may  be  uitd. 

Fig.  26.  —  Brick  Pavement,  Flush  Edging 

The  construction  is  essentiaUy  rigid,  intended  to  withstand  heavy 
traffic.  The  cost,  including  foundation  and  surfacing,  ranges  from 
about  $1.60  to  $3.00  per  square  yard,  the  average  price  in  Western 
New  York  being  about  $2.00. 

Brick  pavements  on  heavy  traffic  roads  have  been  extensively  used 
in  Ohio  and  New  York.  Macadam  foundations  for  brick  surfacing 
have  not  proved  satisfactory  in  the  Northern  States,  as  the  surface  is 
too  rigid  and  cracks  under  the  heaving  action  of  the  frost.  Even 
on  a  concrete  foundation  longitudinal  cracks  often  develop  from  this 
same  action.  It  is  more  difficult  to  prevent  this  on  country  roads 
than  in  cities  where  the  sewers  keep  the  earth  subgrade  comparatively 
dry,  and  the  necessity  for  a  center  drain  imder  the  concrete  base  is 
being  recognized  by  many  designers.  Some  engineers  believe  that 
the  I  to  I  cement  grout  in  general  use  is  too  strong,  and  that  if  a 
weaker  grout  or  a  sand  filler  were  adopted  in  its  place  the  heavy 
frost  action  would  merely  separate  the  bricks  slightly  instead  of 
breaking  them  and  that  as  the  road  settled  they  would  fall  back  into 
close  contact.  This  is  an  attempt  to  make  a  theoretically  rigid  con- 
struction flexible  and  seems  to  be  striving  to  adapt  the  construction 
to  conditions  for  which  it  is  not  fitted. 

Longitudinal  Cracks.  —  These  cracks  have  been  carefully  studied, 
as  they  seem  to  be  the  most  discouraging  feature  of  brick  pavement 
construction  on  country  roads. 

Mr.  Wm.  C.  Perkins,  1st  Asst.  Engineer,  N.  Y.  S.  Dept.  of  High- 
ways, states  from  a  careful  examination  of  a  large  mileage  of  brick 
roads   built  under  his  supervision,  t\\al  \oxi^\\.\i!^vxvaN.  ct^j^'s*  \v"aN^ 
always  occurred  within  2  or  3'  o!  the  cenUi  ol  \}si^xc>^\  ^^^V*^^ 
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cracks  extend  down  through  the  concrete  base  and  that  less  difficulty 
is  experienced  in  preventing  them  as  the  crown  of  the  pavement  is 
reduced.  From  these  obscr\'ations  he  has  been  led  to  experiment 
with  a  concrete  base  haWng  a  f>crfectly  flat  bottom,  as  shown  in 
figure  26  A,  crowning  the  road  by  making  the  concrete  thicker 
in  the  middle  than  on  the  edges.  The  claim  is  made  that  this  style 
of  construction  is  helping  to  prevent  such  cracks. 

Transrerse  ExfMUision  Joints. — The  use  of  transverse  expansion 
joints  has  not  been  successful  locally.  Difficulty  has  been  expe- 
rienced ^nth  the  brick  loosening  at  these  joints,  and  whenever  a 
temi)erature  heave  has  occurred  it  has  appeared  at  the  joint.  Their 
use  has  been  abandoned  for  rural  roads  in  western  New  York. 

The  crowns  in  use  on  brick  pavements  range  from  }".  to  i',  to 
I"  to  i'.  For  the  methods  of  figuring  ordinates  for  parabolic  crowns 
see  page  225. 


.Sand Cushion 


l-'l   I    f   '^\   '.''-1.  '   '   ■  J  I 


Crownk'fo/* 


^  '^Conartt  ftmtdation 

Fig.  26  A 


Brick  pavement  does  not  give  a  good  foothold  for  horses  on  grades 
above  5%  unless  some  special  form  of  brick  is  used.  For  steep  grades, 
on  heavy  traffic  roads,  it  is  better  practice  to  use  some  form  of  stone 
block. 

Stone  block  pavement,  including  concrete  foimdation,  costs  from 
$2.70  to  $3.30  per  sq.  yd.  It  is  suitable  for  the  steepest  grades  that 
are  constructed. 


.'Pitch  txpamion  Jcfnf 
Crown  i'tol! 


Concrete 
Edging 
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Note:  If FftthFilkr  is  wed  between  SioneBhek. 
no  6pecial  Expansion  Jo/nf  Is  needed. 


Fig.  27.  —  Stone  Block  Pavement,  Flush  Edging 


Where  stone  blocks  are  used  on  hills  it  is  better  practice  to  use 

second  quality  blocks;  these  blocks  are  identical  with  the  first  quality 

blocks  as  to  material  but  are  not  dressed  as  carefully  and  cost  about 

fifty  cents  per  square  yard  less;    their  rougher  surfaces  and  wider 

joints  afford  better  footing.     For  the  difference  in  size  and  joints 

see  specifications,  Medina  Block,  page  323. 

The  first  cost  oi  brick  pavement  for  country  roads  restricts  its  use 

to  roads  where  it  can  be  conclusively  proved  that  macadam  will  not 

oe  suitable. 
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Concrete  PaTements. 

Solid  concrete  pavements  have  been  tried,  the  best  known  being 
the  "Hassam  Pavement,"  which  is,  sometimes,  specially  reinforcai 
to  prevent  cracks  resulting  from  temj)erature  or  heaving.  It  is 
understood,  however,  that  both  transverse  and  longitudinal  cracks 
have  developed  in  this  type  of  construction.  This  seems  to  be  an 
inherent  defect  in  all  rigid  types  of  construction  for  country  roads. 

Where  the  traffic  comes  directly  on  a  concrete  surface  it  often  wears 
imcvenly,  failing  in  spots.  This  defect  has  led  to  the  application 
of  a  thin  wearing  coat  of  bituminous  material  and  stone  screenings. 
How  successful  this  will  prove  is  still  to  be  demonstrated.  The  cost 
of  such  pavements  is  approximately  $i.oo  per  sq.  yd. 

Small  Stone  Block  Surfacing. 

In  Germany,  Hungary,  Austria,  and  England  a  surfacing  made  of 
granite  blocks,  ranging  in  size  from  2}"  to  4",  has  been  used  success- 
fully. This  pavement  is  known  as  Kleinpflaster  in  Germany,  and  as 
*'Durax"  armoring  in  England.  The  stone  cubes  must  be  cut  with 
considerable  accuracy  in  order  to  give  a  smooth  and  durable  surface. 

The  blocks  are  laid  on  a  thin  sand  cushion  of  about  }"  depth,  on 
either  a  macadam  or  concrete  foundation;  they  are  thoroughly 
rammed  to  give  a  firm  bearing  and  the  joints  filled  either  with  clean 
sand  flushed  in,  or  a  bituminous  filler.  The  joints  do  not  exceed  i" 
in  width.  The  courses  of  cubes  are  laid  either  diagonally  to  the 
direction  of  the  traffic  or  in  concentric  rings. 

Where  the  stone  is  broken  by  hand  the  cost  is  high  and  it  would 
be  impossible  to  consider  its  use  for  rural  roads  in  this  country.  A 
machine  *  has,  however,  been  developed  in  Europe  for  breaking  these 
cubes  which  b  claimed  to  produce  a  satisfactory  product  at  a  reason- 
able rate.  It  is  a  belt-driven  friction  dro[>-hammer  having  a  stone 
chisel  mounted  on  the  anvil;  the  hammer  head  is  shap)ed  like  a  stone- 
cutter's sledge.    The  power  needed  for  each  machine  is  about  1}  H.  P. 

About  400  of  these  machines  are  in  operation,  and  a  plant  in  Sweden 
is  turning  out  700,000  square  yards  of  pavement  per  year  with  62 
machines. 

Provided  the  pavement  can  be  laid  for  $1.00  to  $1.25  per  square 
yard,  it  seems  a  type  that  must  be  seriously  considered. 

McClintock  Cube  Pavement 

This  is  a  patented  pavement  devised  by  J.  Y.  McClintock, 
County  Engineer  of  Monroe  County,  N.Y.  It  is  very  similar  to 
"  Kleinpflaster,"  except  that  under  his  patent  artificial  cubes  as  well 
as  stone  cubes  are  proposed.  It  is  still  in  the  experimental  stage, 
but  appears  to  be  promising,  as  it  is  free  from  many  of  the  difficulties 
expenenced  in  using  bituminous  materials  and  from  the  rigidity  of 
brick  and  solid  concrete  pavements. 

The  construction  is  essentially  as  shown  in  figure  28,  and  con- 

>  A  deuHed  de$cnptkm  of  Ods  machine  is  given  in  E.nonecs\n%'^c«i%«'^«x^  "At, 
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sbts  of  a  top  course  of  2"  cubes  placed  by  hand  00  an  ordinary  mac- 
adam foundation  and  filled  with  sand  or  sandy  loam.  The  cubes  can 
be  readily  made  of  concrete,  vitrified  paving  brick  material,  or  stone, 
as  in  Continental  practice. 


Fig.  28 

The  cubes  are  loaded,  hauled,  and  dumped  like  broken  stooe. 
They  are  laid  by  hand  on  a  sand  cushion  \"  to  J"  thick,  no  care 
being  taken  to  break  joints.  They  are  then  rolled  to  bring  to  an 
even  surface  and  firm  bearing,  and  a  layer  of  sand  or  sandy  loam  is 
spread  on  top,  broomed  and  flushed  in,  preferably  with  a  pipe  line 
and  hose;  the  course  is  again  rolled,  the  wearing  surface  of  saiul  placed 
and  the  road  opened  for  traflfic.  Temporar\*  shoulders  of  2"  plank  are 
put  down  during  the  la>'ing  of  the  cubes,  after  which  they  are  removal 
and  replaced  with  broken  stone  or  gravel,  as  shown  in  figure  28. 

A  stretch  of  road  one-third  of  a  mile  long  constructed  of  concrete 
cubes,  \itrified  shale  brick  cubes,  and  local  clay  cubes  specially  treated 
has  been  in  use  for  two  years.'  The  suriace  affords  a  good  footing 
and  is  comparatively  clean  in  both  wet  and  dry  weather.  The  cubes 
have  not  raveled  or  broken  down  at  the  edges.  The  concrete  cubes 
have  not  ser\'ed  satisfactorily,  failing  in  spots,  but  this  b  to  be  ex- 
pected as  it  is  not  a  reliable  material  for  road  surfacing;  the  vitrified 
shale  cubes  have  worn  well.  It  is  certain  that  stone  cubes  would  act 
well. 

The  points  that  particularly  appeal  to  a  constructing  engineer  are 
the  facts  that  wet  or  cold  weather  docs  not  stop  construction  and 
that  rigid  and  continuous  inspection  in  la\ing  is  not  necessary.  The 
facts  that  appeal  to  the  designer  are  that  he  can  scientifically  arrange 
his  material  by  placing  tougher  cubes  in  the  center  of  the  road  and 
softer  and  cheaf>cr  on  the  sides,  that  the  surface  is  flexible  under 
frost  action,  and  that  the  ver>'  large  item  of  freight  on  materials  is 
reduced. 

The  cost  of  this  surfacing  has  been :  Concrete  cubes .  $0.50  per  sq.  yd. 

Vitrified  shale  cubes  .   1.17    "  **     " 
Local  clay  ash  cubes  .   i  .00    **  "     ** 

These  costs  are  high,  as  the  amounts  laid  were  small  and  involved 
considerable  plant  charge  and  e.xi)erimental  work. 

In  Ixirge  quantities  it  is  reasonable  to  assume  that  these  costs  could 

be  reduced  from  20^ c  to  30^^,  which  would  make  their  use  feasible. 

With  the  possibility  of  cheapening  the  cost  of  stone  cubes  in  the  near 

future  th}s  style  of  construction  becomes  more  promising,  as  it  has 

'A  det Ailed  description  of  this  experimental  toad,  iveax  Rochester,  N.Y., 
**y  ^^  Muthor,  can  be  /ound  in  Engineering  Kews,  FebruAxy  1,  \^\\. 
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certain  features  that  appear  superior  to  bituminous  mftraHamQ  or 
the  rigid  types  of  pavements. 

Rocmac 

Rocmac  is  another  patented  pavement  which  deserves  mention 
as  the  roads  which  the  author  has  seen  built  by  this  method  com- 
pare favorably  with  other  types  of  construction.  The  claim  is 
nuide  that,  under  favorable  conditions,  it  will  cost  only  fifteen  cents 
per  square  yard  more  than  plain  macadam.  The  only  available  ex- 
ample of  cost  details  given  below  is  hardly  a  fair  sample  of  what 
can  be  done. 

We  quote  an  extract  from  the  19 10  report  of  the  New  York  State 
Highway  Commission:  ''Experimental  pavement  according  to  the 
Rocmac  System  as  laid  over  the  westerly  portion  of  Buffalo  Road, 
Section  No.  2,  County  Highway  No.  83,  located  in  the  Town  of  Gates, 
County  of  Monroe,  New  York. 

"The  Rocmac  system  differs  from  ordinary  macadam  construction 
in  that  the  aggregate  of  crushed  stone  is  cemented  together  by  a 
matrix  composed  of  limestone  dust  (as  rich  as  possible  in  carbonate 
of  lime)  mixed  with  a  solution  of  silicate  of  soda  and  sugar,  the  silicate 
of  soda  combining  with  the  carbonate  of  lime,  an  unstable  compound, 
forming  silicate  of  lime,  which  is  a  very  stable  compound. 

"  The  materials  used  in  this  experiment  were  Leroy  limestone  flour 
for  the  matrix,  being  the  entire  crusher  product  which  would  pass  a 
screen  of  |-inch  mesh,  and  Akron  limestone  No.  3  size  with  some 
No.  4  size  mixed  for  the  aggregate.  The  No.  3  size  being  retained 
on  a  screen  of  i|-inch  mesh  and  passing  a  screen  of  2-inch  mesh, 
the  No.  4  size  being  retained  on  a  screen  of  2-inch  mesh  and  passing 
a  screen  of  3J-inch  mesh. 

"  The  delivery  point  for  material  shipped  by  rail  being  Coldwater 
Station,  a  dead  haul  of  one  mile  to  the  beginning  of  the  work. 

"  The  supervisipn  given  this  work  consisted  of  occasional  inspections 
by  the  division  superintendent  of  repairs  and  the  inspector  in  charge 
of  this  section,  neither  of  whom  could  devote  much  time  to  this 
particular  work  without  interfering  with  other  duties.  Had  the 
work  been  constantly  directed  by  a  comp)etent  foreman  more  progress 
would  have  been  made  and  the  cost  probably  would  have  been 
decreased. 

**  The  method  pursued  during  the  laying  of  this  surface  was  to  scarify 
by  hand  the  original  foundation  course,  removing  all  loose  material 
by  brooming,  upon  this  prepared  foundation  to  spread  the  matrix 
composed  of  limestone  dust  and  solution,  to  an  average  depth  of 
about  two  inches,  upon  this  spread  the  crushed  limestone  aggregate 
to  such  a  depth  as  would  give  finished  rolled  thickness  averaging 
about  3}  inches  when  properly  crowned,  then  rolling  same  until 
thorou^y  consolidated  and  continuing  rolling  and  sprinkling  with 
water  by  hand  until  the  matrix  which  flushed  to  the  surface  in  the 
form  of  grout  has  nearly  disappeared,  when  the  pavement  is  covered 
with  a  light  coat  of  screenings  and  considered  comp\&\.^. 

"The  total  length  o(  this  resurfacing cxUn^n^ltoxji^Xa.^vOTt'ivi^^ 


84 


TOP    COURSES 


Station  275+76  is  3,876  lineal  feet,  aggregating  an  area  of  6AP 
square  yards  surface  upon  which  was  used  i,oq4  tons  of  No.  3  mm 
No.  4  crushed  limestone,  520  tons  of  limestone  flour  and  4,050  gallaoi 
of  silicate  of  soda  solution. 

'*  Deducting  from  total  expenditure  materials  not  used  and  expeue 
of  labor  trimmmg  shoulders  and  ditching  would  leave  total  cost  of 
this  resurfacing  including  all  material  and  labor  necessary  to  fon 
pavement  complete  in  place  $6,400.82  or  $0.9288  per  square  yard. 

This  expense  is  itemized  as  follows: 


Item 


Cost  of  Stone  f .o.b.  cars  delivery  i>oint . 

Cost  of  Rocmac  solution 

Cost  of  teams  hauling  stone,  solution, 

water  and  coal 

Freight  and  duty  on  solution 

Roller  and  coal 

Labor  

Tools,  tank,  blacksmith,  oil  and  wood. . 

Total 


Total 


$2,026.59 
617.28 

1,408.79 
408.61 
547.28 

1,341.64 
50.63 


$6,400.82 


Per  Sq.  Yd 


$0.2941 
0.0896 

0.2044 
0.0593 

0.0794 
0.1947 

0.0074 


$0.9288 


"  The  average  price  paid  per  ton  for  all  stone  f  .o.b.  cars  at  deliveiy 
point  is  $1.25 J;  price  paid  i)er  hour  for  labor  $0.22;  for  teams 
$0-564  per  hour;  roller  rent  $10  per  day. 

"  During  the  progress  of  this  resurfacing  traflic  was  not  interfered 
with  at  all,  all  traffic  being  permitted  to  go  over  the  work  in  whatever 
stage  of  progress.    This  is  an  advantage  worthy  of  consideration. 

"  The  finished  surface  after  five  months'  traffic  has  the  appearance 
of  a  well-constructed  macadam  road,  being  hard,  smooth,  well  bound, 
and  clean,  no  discoloration  being  apparent  except  immediately  after 
a  rain,  when  it  shows  light  brown  in  spots,  due  to  the  solution,  which 
being  soluble  in  water  comes  to  the  surface. 

*'  No  ravel  developed  during  continued  dry  weather  when  freshly 
laid  and  under  traffic;  road  is  relatively  dustless;  this,  howew, 
depends  upon  the  percentage  of  silica  in  the  stone  used.  The  theory 
being  that  whenever  the  pavement  becomes  wet  the  solution  if 
brought  to  the  surface,  resulting  in  absorbing  and  hardening  down 
any  fine  material  which  had  been  produced  by  the  abrasion  of  tires. 

"  It  can  be  laid  in  all  excepting  freezing  weather,  and  while  smooth 
yet  it  is  sufficiently  rough  to  afford  good  footing  for  horses  and  rubber 
tires.  There  is  nothing  entering  into  the  construction  to  soften 
under  high  temperature  and  nothing  to  form  mud  in  wet  weathtf- 
It  is  claimed  to  be  self-healing,  due  to  continual  chemical  reactioos 
taking  place  whenever  the  road  becomes  wet." 


CONCLUSION 


8S 


In  the  foregoing  discussion  the  author  has  attempted  to  show  the 
iproximate  costs  of  the  different  styles  of  construction  in  general 
«  or  such  experimental  tops  which  he  has  seen  that  promise  well, 
he  costs  given  can  he  considered  as  relative  only«  to  be  used  in  a 
imiKirison  of  the  various  constructions  and  are  based  on  roads  in 
,  Western  New  York. 

For  medium  traffic  highways  the  general  .tendency  of  the  different 
bates  and  the  Government  Office  of  Roads  seems  to  be  toward 
ther  bituminous  flush  coats  or  bituminous  binders,  using  an  ordinary 
lacadam  foundation.  There  is  no  doubt  that  these  constructions 
re  good  and  a  great  advance  over  plain  macadam  where  motor 
nffic  is  encountered^  but  they  have  some  very  objectionable  features 
hich  should  not  be  overlooked.  Bituminous  materials  for  road 
xyrk  afford  a  profitable  outlet  for  much  of  the  tar  and  asphaltic 
•siduums  produced  in  the  manufacture  of  gas,  coke,  kerosene,  etc., 
nd  an  extensive  advertising  campaign  has  made  this  system  of 
gnstruction  familiar  to  both  road  engineers  and  the  general  public. 

It  is  not  improbable  that  the  tendency,  at  present  nearly  universal, 
)ward  such  binders  has  been  given  undue  impetus  in  this  way  to 
le  exclusion  of  other  promising  types  of  design. 


CHAPTER   VI 


IftlNOR  POINTS 

Under  this  heading  are  included  guard-rail,  bridge-rail,  retaining 
waUs,  toe  walls,  curbs,  guide  and  danger  signs,  cobble  gutters,  tip- 
rap,  catch-basins,  grates,  and  dykes. 

Guard  Rail  (Wooden). 
The  construction  generally  used  is  shown  in  the  following  sketdi; 


J^^^^S"^^^^'(<'pp^^'^^*^^^ 


>  Mf^UslobeflantdonlSidii 


vfrc 


4!i 8'0' - H 

LF4-  '-     -  v-^  -  i_r^ 


r^'  i^  Raiisand  fhsts  Fbiifrtuf     f'\ 
lJ  -I    3CoaisWhfftUadandOit  lJ 


2'SfeeiorW¥jrvnPfpe:. 


Be'o' |J 


I 

I.— ' 

I     I 


^^^ 


Iron  Pin Ji'biam^  6'kmq 
Fig.  29 


The  posts  arc  cedar,  white  oak,  or  chestnut,  and  the  rails  are  hem- 
lock, yellow  pine,  or  white  pine.  Such  guard-rail  costs  from  twenty- 
five  to  forty  cents  p)er  foot,  about  five  cents  per  foot  per  year  for 
maintenance,  and  needs  renewal  every  eight  to  ten  years:  the  capi- 
talized cost  at  4*^  is  approximately  $1.25  as  figured  by  the  New 
York  State  Highway  Commission,  and  on  this  basis  they  have  decided 
that  it  is  cheaper  to  use  a  fill  slope  of  i  on  4  up  to  a  seven-foot  depth, 
eliminating  the  guard-rail,  than  it  is  to  use  a  i  on  i)  fill  slope  with 
guard-rail. 

The  wooden  guard-rail  as  built  acts  as  a  warning  only.  If  a  machine 

or  rig  becomes  unmanageable  and  hits  the  rail,  it  generally  breaks 

or  the  posts  tear  out,  allowing  the  vehicYe  lo  Ixxm  \.\xr\\t  on  the  fill 

&6 
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pe.  So  many  accidents  of  this  kind  occur  that  there  is  a  demand 
'  a  rail  that  actually  gives  protection  as  well  as  a  warning. 

ncrete  Guard-Rail. 

Because  of  this  demand  and  the  high  cost  of  maintenance  and 
lewal  of  the  common  wooden  rail,  concrete  guard-rail  is  being 
opted.  The  simplest  and  best  design  of  this  kind  that  the  author 
s  seen  was  tried  out  by  the  New  York  State  Department  of 
ghways  on  the  Ridge  Road,  near  Rochester,  N.Y.,  m  iqio.  A 
5tch  is  given  below.  This  construction  has  been  specially  com- 
mded  by  the  automobile  associations. 
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The  rail  was  invented  by  J.  Y.  McClintock,  County  Engineer  of 
onroe  County,  N.Y.  It  is  neat  in  appearance,  durable  and  strong, 
d  is  specially  adapted  for  a  combination  bridge  and  approach 
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e  old  design  of  an  iron  bridge  rail  connected  with  a  wooden 

has  been  an  e>'esore. 

tual  cost  o(  manufacture  and  setting  was  from  fifty  to  sixty 

foot.  The  contract  price  for  such  rail  would,  prolmbly,  run 
ily  cents  to  one  dollar,  depending  upon  the  length  of  the  haul, 
.le,  and  difficulty  of  digging  post  holes,  but  even  at  the  high 
is  cheaper  than  the  wooden  rail  and  is  a  safe  construction. 
■or  and  rod  shown  on  the  sketch  is  used  on  cun'es  or  even 
ht  stretches  where  new  fill  is  encountered,  to  prevent  the 
ng  torn  out  by  impact  from  runaway  machines, 
il  prnper  has  a  weh  reinforcement;  it  is  designed  to  stand  a 
orizontal  load  at  the  center  of  the  panel.     The  raits  and 

molded  separately  and  allowed  to  set  for.  at  least,  a  month; 
then  put  together  in  much  the  same  manner  as  the  wooden 
e  rounded  lop  of  the  post  makes  it  possible  to  erect  on  any 


li]  and  Raised  Puapeta. 

rail  for  small  span  bridges  is  of  two  types, 
"e  19)  or  solid  raised  parapets  (see 
).     The  solid  parapet  is  to  be  pre- 


sual  cases  retaining  walls  are  needed 
construction.  Plain  or  reinforced 
walls  are  generally  used,  the  selec- 
Tiding  upon  the  reUlive  cost.  The 
icrctc  wall  is  considered  the  best 
heights  up  lo  twelve  feet;  the  re- 
cantilever  form  from  twelve  feet  lo 
feet,  and  above  eighteen  feet  the 
d  design.  We  Rive  below  examples 
i  for  the  plain  and  reinforced  can- 
pes  only,  as  the  necessity  for  walls 
an  eighteen  feet  is  very  rare.  For 
n  of  buttressed  walls  the  reader  is 
.0  the  standard  works  on  reinforced 

ing  walls  are  usually  built  in  mon- 
ctions  of  20'  to  25'  in  length;  ex- 
joints  are  provided  between  these 
The  expansion  joints  may  consist 
'  a  plane  of  weakness  between  the 

S reduced  by  allowing  one  section 
>re  building  the  adjacent  wall,  or 
-.a  key  joint  as  shown  in  figure  32  A, 
plane  of  sepamtion  may  be  made 
nountcd  by  coating  the  conciele  ■«\\.\i 
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ToaVallB. 

Toe  walls  are  nothing  more  than  low  retaiiUDg  wtUIs  or  vety  aib- 
stAnlial  cuibs.  They  are  used  in  cuts  on  the  outside  of  the  gutten 
to  prevent  unstable  side  slopes  f riMn  filling  the  gutters  or  heaving  theiB 
out  of  shape  by  sliding  pressure.  Figure  33  gives  a  section  of  Eden 
Valley  Hill  near  Buffalo,  N.V..  where  a  day  quicksand  ci 
cessfully  protected  in  ''  ' 


Flc.  a.  —  Showing  ConiTcte  Toe  Wall 
Cmbi. 

Curbs  are  constructed  of  sttme  and  of  ci 
Sloae  Cnibi. 

The  cuts  given  belon-  show  the  methods  of  seltinp;  the  siie  o(  curb- 
stones for  first-class  wort  range  from  16"  to  22"  in  depth,  5"  t 
in  thickness  and  3'  to  5'  in  length.  For  small  villages,  curbstone  of 
4"  width,  set  m  the  simplest  manner  shovin,  is  satisfactory.  The 
stones  most  used  are  granites,  bluestones  o£  New  York  State,  i  ' 
the  tougher  sandstones  such  as  Medina,  Berea,  Kettle  River,  etc 
The  prices  range  widely,  depending  on  the  locality  of  the  work. 
Mr.  William  Pierson  Judson,  in  his  "Roads  and  Pa\-cnients,"  gives 
the  following  range  of  costs: 


Simple  atoiw  Curb  Simptasl  Bji™  of  Cwmift  Curt 

tor  LioW  Traffii  Villooe  Strwh.  [Showing  alw  torn  i#  Eipanticin  Joint 

lahtrcBriiJiaiiljiiil  LinaitiidinalhF 
in  &umr.) 

Fig.  14 


it  about  as  follows,  with  30  per  cent  to  50  pet 


lioa  uid  Beiea  sandstone,  S0.35  to  $o-70- 


ALBANYTOElS 


's.\     t  /  9  'l5o/t^  //wi  Pipe, 


f-f  Cam'agtBo/f 
^Upitr  ThrtudalrwrtUitain  fixr. 

Fig.  3s 


;  simple  amcrele  curb  (fif^re  Xo.  .14)  ha?  been  bu[lt  durini^ 
in  diSercDt  parts  of  Western  New  YoiV.  al  b.  cna  lA  Vi-'S*  ^*' 
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Wliere  stone  curbs  can  be  built  for  less  than  $0.50  per  foot,  it  1 
good  policy  to  use  them  through  the  business  sections  of  small  vfll 

For  the  residential  portk 


^i^oulder 


*     Cushion 


(  Sand -Cash fon  notRequlndlin  SawfyMl 
Size  of  Stone  5'9r)     ^ 

Cobble  Gutter. 


K— -3'(?''--->i 

Third  Class  Concrete 
Ditch   Lining. 


where  the  cost  of  stone  cu 
is  high,  a  concrete  curb  0 
simplest  design  is  the- 
practice,  as  city  condition: 
requirements  are  neither  0 
sary  nor  expected. 

Guide  Signs  and  Danger  S 

A  good  sign  must  be 
to  read,  pleasmg  in  appeal 
and  permanent.  The  dra 
shows  one  of  the  designs  in 
the  posts  are  of  galvanized 
and  cost  about  $5.00  in  p 
the  background  for  the 
minum  b  a  japanned  n 
the  signs  cost  approxim 
$.15  per  letter  including 
board. 

Danger  signs  should  be 
only  where  no  doubt  exis 
to  their  necessity  as  their  i 
criminate  use  decreases 
effectiveness. 

Cobble  Gutters,  Brick  G01 
Ditch  Linings,  etc 

Cobble  gutters  are  use 
protect  the  ditches  from 
on  steep  grades  and  at 
trances  to  intersecting  1 
where  there  is  not  suffi 
headroom  for  a  culvert, 
at  the  entrances  to  pr 
property  where  the  gnuk 
of  the  ditch  might  be  badly  cut  by  vehicles. 


t(uluai  ^idthyy 
ConcrettorSandfmindatHHi^  6routed 

orSondJoints. 
Brick  Gutter. 


N0.4  Crushed  Stone 
Ditch  Protection. 

Fig.  36 


Flood  Water  Elevation 


Fig.  37 


RIPRAP  AND    DYKES 


-  Method  of  Protection  where  Koad  ci 
Flood  Level 
Riprap  and  Drk*«. 

Well-constructed  riprap  protects  stream   banks  and  bridge  ap- 
proaches from  stream  wash  except  in  unusual  cases  where  a  soUd 
masonry  or  concrete  protection  is  requiicd. 
The  sizes  of  stone  suitable  for  riprap  are  usually  specified  at  a 
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■aof  i  cubic  foot  and  50  per  cent  or  more  of  the  nuterul  tt 
be  over  2  cuMc  feet. 

Where  (he  road  is  located  in  bottom  land  and  is  covered  with  bad- 
water  in  the  Spring,  it  can  be  protected  by  riprap  paving  on  botk 
sides  or  a  dyke  and  riprap  paving  on  one  side  as  diown  in  figures  No.  ,ii 
and  No.  39. 

Gntes. 

Cost  of  cast-iron  grates  about  So.os  per  pound. 
Cost  of  wrought-iron  grates  about  So.oS  per  pound. 

Repointing  Mauinry  and  Ref  acing  Old  Walli. 

Old  masonry  structures  can  often  be  used  complete  or  tn  put 
by  repointing  the  joints;  they  should  be  cleaned  out  thoroo^tf 
with  a  chisel  and  filled  flush  with  a  i  to  i  Portland  Cemait  mortal. 

The' author  does  not  believe  in  facing  up  old  maaotiiy  abutmoili 


Facing  for  Old  Masonry 


if  it  can  be  .tvoidcd;  however,  if  il  seems  advisable,  becautt  of 
^ort;igc  of  fun<]^,  the  olil  joints  should  lie  well  cleaned  out  and  hook 
dowels  used  ns  shown  in  cut  No.  41,  One  dowel  every  6  square  feet 
is  good  pra<iicc. 

The  concrete  facing  should  be  a  I  least  13  inches  thick  and  rdnforad 
to  prevent  settlement  and  temperature  craclis. 


CHAPTER  VII 

MATERIALS 

The  selection  of  materials  is  an  important  part  of  the  design. 
Most  municipal  and  State  Departments  have  well  equipped  labora- 
tories for  testing  stone,  gravels,  brick,  bitumens,  cements,  etc.  The 
object  of  these  tests  is  to  determine  the  physical  and  chemical  prop- 
erties that  have  a  particular  bearing  on  the  action  of  the  materials 
under  construction  conditions.  While  these  conditions  are  not 
attained  they  are  approximated  and  by  a  comparison  of  the  laboratory 
results  with  the  actual  performance  of  the  different  materials  in 
practice  a  relation  can  be  established  that  is  useful  as  a  basis  for 
judgment: 

Tnls  chapter  gives  a  brief  statement  of  the  desirable  qualities  and 
the  tests  for: 

1.  Top  course,  macadam  stone. 

2.  Screenings. 

3.  Bottom  course,  macadam  stone. 

4.  Bottom  course  fillers. 

5.  Brick. 

6.  Bituminous  binders. 

7.  Concrete  materials. 

I.  Stone  for  the  Top  Course  of  Macadam  Roads 

The  destructive  agencies  affecting  the  top  stone  are  wind,  rain, 
frost,  chemical  action  of  the  atmosphere,  wheels  of  heavy  loaded 
vehicles,  horses'  caulks,  the  suction  of  automobile  tires,  and  the 
tractive  effort  of  these  machines.  Mr.  Logan  Waller  Page,  Director 
of  the  United  States  Ofiice  of  Roads  and  former  Geologist  of  the 
Massachusetts  Highway  Commission,  discusses  the  importance  of 
these  factors  in  the  1900  report  of  that  Commission  and  shows  that 
the  weathering  action  is  so  slight  compared  to  the  wear  due  to  traffic 
that  it  can  be  disregarded. 

To  show  the  resistance  of  the  different  rocks  to  this  traffic  action, 
tests  are  made  for:  ist.  Impart  and  Abrasion;  2d,  Hardness;  3d, 
Toughness;  4th,  Cementing  Value;  sth,  Absorption;  6th,  Specific 
Density,  and  7th,  Geological  Classification.  The  standard  methods  of 
testing  used  by  the  American  Engineers  in  19 10  are  described  as 
follows: 

Impact  and  Abrasion. 

The  impact  and  abrasion  test  is  made  in  a  Deval  rattler,  a  picture 
of  which  IS  given  below.  The  cast-iron  cylinders,  a,  b,  c,  and  d,  are 
34  cm.  deep,  20  cm.  in  diameter,  and  inclined  at  an  angle  of  30  degrees 
with  the  shaft;  5  kg.  of  clean  dry  stone,  t^n^m^  \\i  i\ut  Vxssvsl  -Oc 
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inches  to  i]  inches,  are  placed  in  one  of  these  cyliaders,  and  tlie 
machine  b  rotated  10,000  times  at  the  rate  o[  1,000  revolutioos  pel 
hour;  as  the  shaft  revolves  the  stone  is  thrown  from  end  to  cad  of 
the  retort.  At  the  end  of  &ve  hours  the  chaise  is  removed  and  all 
atone  retained  on  a  0.16  cm.  sieve  is  washed  and  dried;  the  loss  by 
abrasion  is  then  the  ditference  in  weight  between  the  original  charge 
le  above  0.16  cm.  in  siae. 


FlO.  41-  —  Deval  Ratlkr 


Hardness  is  determined  by  a  Doiry  niachine.  A  stone  cylinder 
3S  cm.  in  diameter,  obtained  by  a  diamond  core  drill  from  the  material 
to  be  tested,  is  weighed  and  placed  in  the  madiine  90  that  one  end 
rests  on  a  horiiontal  cast-iron  grinding  disk  with  a  pressure  of  25 
grams  per  si.  cm.  The  disk  is  re\'olved  1  000  times  during  which 
standard  crushed  quartz  sand,  about  i|  mm.  in  diameter  is  auto- 
matically fed  to  it.  The  cylinder  is  then  removed  and  weighed  and 
the  cDelBcient  of  hardness  obtained  by  the  formula  10  — i  the  loss  in 
weight,  expressed  in  grams.  In  order  to  get  reliable  results  two  cylin- 
ders are  generally  Used,  each  one  bon^  reversed  end  for  end  during 
the  test. 

Tovfhneu. 

Toughness  is  determined  as  follows:  .\  core  similar  10  thai  used 
for  the  hardness  test  is  divided  by  a  lapidary  saw  into  lenf;ths  of 
35  mm.  These  are  placed  in  an  impact  machine  and  broken  by  blows 
of  a  i-kg.  hammer  transmitted  through  a  i-kg.  weight.  The  drop 
of  the  hammer  for  the  first  blow  is  i  cm.,  increasing  at  the  rate 
of  one  additional  cm.  for  each  blow.  The  coelficient  of  toughness 
equals  the  number  of  blows  required  to  break  the  test  piece. 


One  kilogram  of  fine  stone  that  passes  a  6  mm.  sie\'e  and  is  retained 
on  a  I  mm.  sieve  is  moistened  and  placed  in  an  iron  ball  mill  contain- 
ing iwn  3s-lb.  ehiUed-iron  balls;  the  mill  is  revolved  at  the  rate  of 
a,ocio  times  per  hour  for  5.000  revolutions,  which  reduces  the  charge 
to  a  thick  dough.  Twenty-five  grams  arc  then  placed  in  a  cylindriml 
die  and  put  under  pressure  of  100  kR.  per  sq.  cm.  The  briquette  is 
removed,  dre=sed  to  a  length  of  25  mm.  and  dried  in  the  air  u  hours 
and  for  1 2  hours  at  a  temperature  of  too"  C.  When  cool  it  is  tested 
u)  an  impact  machine  in  a  similar  manner  as  for  toughness,  using  a 
tg.  /jammer  and  a  fixed  height  of  (all  of  1  cm.  The  average  of  five 
"■"'—  /s  the  value  adopted. 
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ion  is  calculated  from  an  immersion  of  96  hours,  using  a 
nent  that  has  been  subjected  to  the  abrasion  test,  and  is 
IS  pounds  of  water  per  cubic  foot  of  rock. 

WYity. 

gnvity  is  calculated  in  the  usual  way  by  dividing  the 
a  fragment  of  the  stone  in  the  air  by  its  loss  of  weight  in 

Clmstification. 

^logical  classification  is  made  from  a  microscopic  and 
lalysb. 


s  suitable  for  road  work  must  crush  with  a  rough  jagged 
1  order  to  interlock  firmly  under  the  action  of  the  roller, 
lie  of  the  cementation  test  is  doubtful,  as  it  is  comparatively 
according  to  Mr.  A.  Armstrong,  Chief  of  the  Bureau  of 
New  York  State  Department  of  Highways,  does  not  seem 
ith  practice.  The  other  tests  are,  however,  reliable  guides, 
iting  action  of  the  screenings  need  not  be  considered  where 
It,  or  other  binders  of  this  type  are  used,  and  is  not  as  im- 
r  waterbound  roads  with  flush  tar  coats  as  for  the  plain 

:  of  collecting  and  testing  stone  as  given  in  the  190Q  Report 
f  York  State  Department  of  Highways  is  $8.55  per  sample, 
^o.  21,  No.  22,  and  No.  23  show  the  results  oif  tests  on  the 
non  rocks. 
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Table  21. 


Taken  from  Bulletin  No.  31,  United  Statu 
Office  of  Public  Roads 


Rock  varieties 


Granite    

Biotite-granite    . . . . 
Homblcnde-granite 
Augitc-syenite    . . . , 

Diorite 

Augite-diorite  .... 

Gabl)ro    

Pcridotile    


Per  cent 
wear 


Tough- 
ness 


Rhyolite    

Andcsite    

Fresh  basalt  . . 
Altered  basalt  . 
Fresh  diabase  . 
Altered  diabase 


Limestone  

Dolomite 

Sandstone   

Feldspathic  sandstone  . 
Calcareous  sandstone  . 
Chert  "   10.8 


3-5 
4.4 

2.6 

2.6 

2.9 

2.8 

2.8 

4.0 

3-7 

4.7 

3-3 

53 
2.0 

2-5 

5-7 
6.9 

3-3 

7.4 


Granite-gneiss  . . . . 
Hornblende-gneiss 
Biotite-gneiss   . . . . 

Mica-schist  

Biotite-schist    . . . . 
Chlorite-schist    .  . . 
Hornblende-schist 
Amphibolite   


Slate 

Quartzite 

Feldspathic  quartzite 
Pyroxene  quartzite    . 

Eclogite    

EiMxiosite 


3.8 
3-7 
3-2 
4.4 
4.0 
4.2 

3.7 
2.9 

4.7 
2.9 

3-2 

2.3 
2.4 

3.6 


15 

10 

21 
10 
21 

19 
16 

12 

20 
II 

23 
17 
30 
24 

10 
10 
26 

17 
15 
15 

12 
10 

19 
10 


21 
10 

12 

19 
17 

27 

31 
16 


Hard- 
ness 


Cementing 
value 


18.1 
16.8  I 
18.3  ! 
1S.4 
18.1 

17-7 
17.9 
15.2 

17.8 

13-7 
17.1 

15.6 

18.2 

175 

12.7 
14.8 
17.4 

153 

8.3 
19.4 

17.7 
17.1 

17-5 
17.8 


16.5 
19.0 

"5 
18.4 

18.3 
18.6 

17.4 
16.0 


20 

17 
30 
24 
41 

55 
29 

28 

48 
189 
III 
239 

49 
156 

60 

42 
90 
119 
60 
27 

26 

30 

41 

30 
16 

24 

53 
29 

102 

17 
21 

17 
21 

47 


Specific 
gravitj 


2.65 
2.64 
2.76 
2.80 
2^ 
2.98 
3.00 

3-40 

2.60 
2.50 
2.90 

2.75 
3.00 

2.9s 

2.70 
2.70 

a.55 
2.70 

2.66 

2.50 

2.68 
3.02 
2.76 
2.80 
2.70 
2.90 

3.00 
300 

2.80 
2.70 
2.70 
3.00 

3.30 
303 


5S1^ 
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Table  23.    Taken  from  Judson's  City  Roads  and  Pave- 
ments, Page  No.  149 


Kind 

Number  of 
Tcsls 

PeicenUge  of  Lo«  by  Abnaaa 

Mazimum 

Mmimum 

Mean 

Diabase  trap   

Limestone 

Granite 

35 

^4 
10 

7 
12 

12 

431 
6.68 

4.30 
590 
6.57 
6.6q 

1.40 

2'3S 
2.23 

1-97 

1-73 
1.71 

2.38 

4.34 

3.52 

3.63 
4.01 

3.56 

Quartzite    

Gneiss 

Sandstone  * 

Table  24.' 

Geological  Classification. 

Class 

Type 

Family 

I  Igneous 

IT  Sedimentary 
III  Metamorphic 

1  Intrusive 
(plutonic) 

2  Extrusive 
(volcanic) 

1  Calcareous 

* 

2  Siliceous 

1  Foliated 

< 

2  Nonfoliated 

a  Gram'te 
b  Syenite 
c  Diorite 
d  Gabbro 
e  Peridotite 

a  Rhyolite 
.  b  Trachyte 

c  Andesite 
.  d  Basalt  and  diabase 

(  a  Limestone 
(  b  Dolomite 

a  Shale 

b  Sandstone 

c  Chert  (flint) 

a  Gneiss 
b  Schist 
X  Amphibolite 

r  a  Slate 
b  Quartzite 
c  EcloRitc 
d  Marble 

'  lacludes  Medina  sandstone  at  2.29  and  VJlsXtr  VAxm&Ummc  at  3.71. 
'Bulktin  No.  31,  United  SUtcs  Defyailmtul  Ql¥uV>^y»iAft. 


IGNEOUS   ROCKS  loi 

The  following  quotation  from  this  same  bulletin  describes  the 
characteristics  of  the  three  groups: 

Igneous  Rocks. 

"  All  rocks  of  the  igneous  class  are  presumed  to  have  solidified  from 
a  molten  state,  either  upon  reaching  the  earth's  surface  or  at  varying 
depths  beneath  it.  The  physical  conditions,  such  as  heat  and  pres- 
sure, under  which  the  molten  rock  magma  consolidated,  as  well  as 
its  chemical  composition  and  the  presence  of  included  vapors,  are 
the  chief  features  influencing  the  structure.  Thus,  we  find  the  deep- 
seated,  plutonic  rocks  coarsely  crystalline  with  mineral  constituents 
well  defined,  as  in  case  of  granite  rocks,  indicating  a  single,  prolonged 
period  of  development,  whereas  the  members  of  the  extrusive  or 
volcanic  types,  solidifying  more  rapidly  at  the  surface,  are  either 
fine-grained  or  frequently  glassy  and  vesicular,  or  show  a  porphyritie 
structure.  This  structure  is  produced  by  the  development  of  large 
crystals  in  a  more  or  less  dense  and  fine-grained  ground  mass,  and  is 
caused  generally  by  a  recurrence  of  mineral  growth  during  the  effusive 
period  of  magmatic  consolidation. 

''In  the  arrangement  of  the  rock  families  from  a  mineralogical 
standpoint  it  will  be  noted  that  the  plutonic  rock  types,  granite, 
syenite,  and  diorite,  are  represented  by  their  equivalent  extrusive 
varieties,  rhyolite  and  andesite,  and  that  diabase  has  been  included, 
somewhat  arbitrarily,  with  basalt,  as  a  volcanic  representative  of 
gabbro.  These  latter  rocks  are  of  special  interest,  owing  to  their 
wide  distribution  and  general  use  in  road  construction.  They  occur 
in  the  forms  of  dykes,  intruded  sheets,  or  volcanic  flows,  and  vary  in 
structure  from  glassy-porphyritic  (typical  basalt)  to  wholly  crystal- 
line and  even  granukr  (diabase).  Their  desirable  qualities  for  road- 
building  are  caused  to  a  large  extent  by  a  peculiar  interlocking  of 
the  mineral  components  (ophitic  structure),  yielding  a  very  tough 
and  resistant  material  well  qualified  to  sustain  the  wear  of  traffic. 

**  Igneous  rocks  vary  in  color  from  the  light  gray,  pink,  and  brown  of 
the  add  granites,  syenites,  and  their  volcanic  equivalents  (rhyolite, 
andesite,  etc.)  to  the  dark  steel-gray  or  black  of  the  basic  gabbro, 
p^idotite,  diabase,  and  basalt.  The  darker  varieties  are  commonly 
calkd  trap.  This  term  is  in  very  general  use  and  is  derived  from 
trap  pa  f  Swedish  for  stair,  because  rocks  of  this  kind  on  cooling  fre- 
quently break  into  large  tabular  masses,  as  may  be  seen  in  the  ex- 
posures of  diabase  on  the  west  shore  of  the  Hudson  River  from  Jersey 
City  to  Haverstraw. 

Sedimentary  Rocks. 

"  The  sedimentary  rocks  as  a  class  represent  the  consolidated  prod- 
ucts of  former  rock  disintregation,  as  in  the  case  of  sandstone,  con- 
gk>merate,  shale,  etc.,  or  they  have  been  formed  from  an  accumulation 
of  organic  remains  chiefly  of  a  calcareous  nature^  as  \s»  vcMt  Q.S.  Nmsat 
stone  and  dolomite.  These  fragmental  or  cVsisUc.  rcv^XcrvA^  \saN^ 
been  tmn^yorted  by  water  and  deposited  mccYiaiaca^^f  *YCL\a.>jc^^  ^'^ 
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the  sea  or  lake  bottoms,  producing  a  very  characteristic  bedded  or 
stratified  structure  in  many  of  the  resulting  rocks. 

"  In  the  case  of  certain  oolitic  and  travertine  limestones,  hydrated 
iron  oxides,  siliceous  deposits,  such  as  geyscrite,  opal,  flint,  chert,  etc, 
the  materials  have  been  formed  chiefly  by  chemical  precipitation  and 
show  generally  a  concentric  or  colloidal  structure.^  Oolitic  and 
pisolitic  limestones  consist  of  rounded  pealike  grains  of  calcic  cat- 
Donate  held  together  by  a  calcareous  cement.  Travertine  is  the 
so-caUed  'onyx  marble*  of  Mexico  and  Arizona.  It  is  a  compact 
rock,  concentric  in  structure  and  formed  by  the  precipitati<»i  of 
carbonate  of  lime  from  the  waters  of  springs  and  streams. 

"Loose  or  unconsolidated  rock  debris  of  a  prevailing  siliceous 
nature  comprise  the  sands,  gravels,  finer  silts,  and  clays  (laterite, 
adobe,  loess,  etc.).  Shell  sands  and  marls,  on  the  other  hand,  are 
mainly  calcareous,  and  are  formed  by  an  accumulation  of  the  marine 
shells  and  of  lime-secreting  animals.  Closely  associated  with  the 
latter  deposits  in  p>oint  of  origin  are  the  beds  of  diatomaceous  or 
infusorial  earth  composed  almost  entirely  of  the  sUiccous  casts  of 
diatoms,  a  low  order  of  seaweed  or  algae. 

"This  unconsolidated  material  may  pass  by  imperceptible  grada- 
tions into  representative  rock  tyi>es  through  simple  processes  of 
induration.  Thus  clay  becomes  shale,  and  that  in  turn  slate,  without 
necessarily  changing  the  chemical  or  mineralogical  composition  of 
the  original  substance. 

"  Such  terms  as  flagstone,  freestone,  brownstone,  bluestone,  gray- 
stone,  etc.,  are  generally  given  to  sandstones  of  various  colors  and 
composition,  while  puddingstone,  conglomerate,  breccia,  etc.,  apply 
to  consolidated  gravels  and  coarse  fcldspathic  sands. 

"The  calcareous  rocks  are  of  many  colors,  according  to  the  amount 
and  character  of  the  impurities  present. 

Metamorphic  Rocks. 

"  Rocks  of  this  class  are  such  as  have  been  produced  by  prolonged 
action  of  physical  and  chemical  forces  (heat,  pressure,  moisture,  etc) 
on  both  sedimentary  and  igneous  rocks  alike.  The  foliated  typti 
(gneiss,  schist,  etc.)  represent  an  advanced  stage  of  metamorphum 
on  a  large  scale  (regional  metamorphism),  and  the  peculiar  schistose 
or  foliated  structure  is  due  to  the  more  or  less  parallel  arrangement 
of  their  mineral  components.  The  non-foliated  types  (quartatCt 
marble,  slate,  etc.)  have  resulted  from  the  alteration  of  sedimentiiy 
rocks  without  materially  alTecting  the  structure  and  chemical  com- 
position of  the  orif^inal  material. 

"Rocks  formed  by  contact  metamorphism  and  hydration,  such  as 
homfcls,  pyroxene  marble,  serpentine,  scrpentineous  limestone,  etc, 
are  of  great  interest  fR>m  a  pctrographical  standpoint,  but  are  ru^ 
of  importance  as  road  materials. 

"The  color  of  mctamorj)hic  rocks  varies  between  gray  and  white 
o^  tAe  purer  marbles  and  quartzitcs  to  dark  gray  and  green  of  the 

'a  P.  MuTiU'B  "Rocks,  Rock  Weatbcnug.  andSoi^r  \^n«v».iA«^W 
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gneisses,  schists,  and  amphibolites.  The  green  varieties  are  commonly 
known  as  greenstones,  or  greenstone  schists." 

An  examination  of  the  foregoing  tables  shows  that  the  volcanic 
igneous  rocks  commonly  called  traps  and  porphyry  make  the  best 
road  material,  as  they  are  tough,  hard,  dense,  and  crush  with  irregular 
rough  surfaces. 

Of  the  plutonic  igneous  granites,  the  syenites  are  satisfactory  if 
they  contain  small  amounts  of  mica  and  quartz  and  are  not  weathered. 

The  calcareous  sedimentary  rocks  as  represented  by  the  harder 
varieties  of  limestone  and  dolomite  have  been  used  extensively  and 
have  worn  well  on  the  secondary  roads. 

Of  the  siliceous  sedimentary  rocks  the  harder  sandstones,  such  as 
"Medina,"  "  Ulster  Bluestone,"  "  Kettle  River,"  etc.,  are  well  adapted 
for  top  courses,  especially  with  asphalt  or  tar  binders.  Shale  is 
worthless  on  account  of  the  rapid  wear  when  wet.  Chert  is  too 
brittle  to  be  satisfactory. 

Of  the  foliated  metamorphic  rocks  gneiss  is  the  most  often  used. 
Much  of  it,  however,  contains  an  excess  of  mica,  quartz,  and  feld- 
spar, which  spoils  it  for  road  material. 

Of  the  nonfoliated  metamorphic  rocks  quartzite  is  the  most  useful, 
but  it  is  not  widely  distributed  and  is  often  too  soft. 

Field-stone  hardheads  which  have  been  distributed  by  glacial  action 
make  a  good  material  for  the  unimportant  roads.  They  are  a  mixture 
of  granites,  sandstones,  limestones,  etc.,  and  vary  greaUy  in  their 
properties;  the  chief  argument  against  their  use  is  the  difficulty  in 
separating  the  different  kinds  to  get  a  uniform  grade  of  stone.  Uni- 
formity of  character  is  important  for  the  top-course  material,  as  a 
relatively  softer  rock  that  is  uniform  will  wear  more  evenly  than  a 
mixed  grade  of  harder  rock,  which  tends  to  pit.  Hardheads  less 
than  6  inches  in  diameter  should  not  be  used,  as  the  crushed  frag- 
ments have  too  much  smooth  rounded  surface  to  lock  well. 

Conclusion. 

To  be  suitable  for  top-course  macadam  any  rock  must  be  hard, 
tough,  and  dense,  must  crush  with  an  irregular  jagged  fracture,  and 
be  imiform  in  character. 

The  first  cost  often  governs  the  selection,  and  the  writer  believes  it 
is  good  policy  to  use  the  best  available  local  material  when  the  road 
movement  in  any  locality  is  just  starting,  resurfacing  with  a  better 
grade  of  stone  as  the  necessity  is  demonstrated,  and  that  where  road 
work  is  well  understood  by  the  people  and  a  system  has  been  partially 
completed  it  is  better  to  use  the  material  that  has  proved  cheapest 
in  the  long  nm. 

2.    Screenings 

Screenings  act  as  a  filler  and  binder  for  waterbound  macadams 
and  as  a  partial  filler  for  bituminous  macadams.  The  bonding 
power  of  screenings  is  largely  mechanical. 

The  test  for  the  cementing  power  of  the  diflferent  rock  d\ssAs»  >& 
described  in  the  beginning  of  this  chapter,  and  iVie  n«\>\«»  dRXecKsa*^ 
ia  the  laboratory  are  given  in  Tables  No.  21  acud'^o.  i*!. 
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In  plain  waterbound  roads  it  is  often  necessary  to  mix  some  lime- 
stone screenings,  fine  sandy  loam,  or  even  a  small  percentage  of 
clay  loam  with  trap,  granite,  sandstone,  quartzite,  or  gneiss  screenings 
to  get  a  good  bond  and  prevent  raveling  in  dry  weather. 

3.  Bottom  Course  Macadam  Stone 

As  the  bottom  stone  simply  spreads  the  wheel  loads  transmitted 
through  the  top  course  and  is  not  directly  subjected  to  the  traffic 
action,  almost  any  stone  that  breaks  into  cubical  irregular  shapes 
that  ^ill  not  air  or  water  slake  and  that  is  hard  enough  to  stand  the 
action  of  the  roller  during  construction  will  be  satisfactory. 

Any  of  the  materiab  listed  above  in  Table  No.  24  except  shale  and 
slate  can  be  used,  provided  that  they  are  not  rotten  from  long  ex- 
posure in  the  air.  The  different  available  varieties  are  usuaUy  tested 
m  the  same  manner  as  for  top  stone  in  order  to  pick  the  best. 

4.  Fillers 

Fillers  are  used  in  the  bottom  course  to  fill  the  voids  between  the 
crushed  stone  and  to  prevent  rocking  or  side  wise  movement  of  the 
larger  pieces. 

They  should  be  easy  to  manipulate  in  placing,  should  not  soften 
when  wet,  or  draw  water  up  from  the  subgrade  by  capillar>'  action. 
The  materiab  most  used  are 
Coarse  sandy  loam 
Coarse  sand 

Gravel  with  large  excess  of  fine  material 
Stone  screenings 
The  fitness  of  the  material  can  be  determined  by  inspection  and 
by  wetting  a  handful;   if  it  gets  sticky  or  works  into  a  soft  mud  it 
should  not  be  used. 

5.  Vitrified  Brick 

Bricks  must  withstand  the  same  destructive  agendcs  as  describeSi 
for  top  stone.  They  must  be  uniform  in  size,  tough,  hard,  dense, 
evenly  burned,  and,  on  account  of  their  peculiar  shape,  must  have  a 
high  resistance  against  rupture.  These  properties  are  tested  by  the 
standard  methods  adopted  by  the  American  Brick  Manufacturers' 
Association,  as  described  in  the  New  York  State  specifications  on 
page  321. 

It  should  be  understood  that  bricks  suitable  for  paving  are  manu- 
factured in  a  different  way  and  of  different  materials  than  ordinar>' 
building  bricks. 

"The  materials  for  molding  any  paving  brick  must  be  of  a  peculiar 

character  which  will  not  melt  and  flow  when  exposed  to  an  intense 

heat  for  a  number  of  days  but  will  gradually  fuse  and  form  vitreous 

combmations  throughout  while  still  retaining  its  form. 

"7]6e  resulting  brick  must  be  a  uxkiiorm  block  of  dense  texture  in 

^'hicJi  the  oiiginal  stiatification  and  granuiaUoiv  ol  \iit  da.^  \\a&\si^«Q 
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wholly  lost  by  fusion  which  has  stopped  just  short  of  melting  the 
day  and  forming  glass. 

'*The  day  while  fusing  must  shrink  equally  throughout,  thus 
causing  the  brick  to  be  without  laminations  or  of  any  exterior  vitrified 
crust  differing  from  the  interior."  * 

The  great  majority  of  paving  brick  are  made  in  Ohio,  Illinois, 
Indiana,  Pennsylvania,  West  Virginia,  and  New  York.  They  are 
classed  as  shale  or  fire-clay  brick. 

6.  Bitiimmous  Binders 

The  subject  of  bitumens  is  an  intricate  one  and  the  reader  is  re- 
ferred to  the  works  of  Clifford  Richardson,  Prevost  Hubbard,  and 
others,  for  detailed  information,  as  a  book  of  this  character  can  give 
only  an  outline. 

There  are  a  number  of  dust  preventives  and  road  binders  on  the 
market  which  depend  for  their  effectiveness  on  a  bituminous  binding 
base.  The  term  bitumen  is  applied  to  a  great  manv  substances. 
Hubbard  arbitrarily  defines  bitumens  as  "consisting  of  a  mixture  of 
native  or  pyiogenetic  hydrocarbons  and  their  derivatives,  which 
may  be  gaseous,  liquid,  a  viscous  liquid,  or  solid,  but  if  solid  melting 
more  or  less  r^uliiy  upon  the  application  of  heat,  and  soluble  in 
chloroform,  carbon  bisulphide,  and  similar  solvents."  * 

The  bitiunens  may  be  dassified  as  native  and  artificial.  The 
native  bituminous  materials,  that  are  used  in  road  work,  are  the 
asphaltic  and  semi-asphaltic  oils  (dust  layers),  Malthas  (the  binding 
baisc  of  Rock  Asphalts),  Trinidad,  Bermudez  California,  and  Cuba 
asphalts,  Gilsonite,  and  Grahamite  (which,  however,  are  too  brittle 
in  their  natural  state  and  require  fluxing  with  a  suitable  residual  oil 
before  they  can  be  used  as  binders).  The  natural  asphalts  are 
refined  to  remove  water  and  any  objectionable  amount  of  impurities 
by  heating  until  the  gases  are  driven  off,  skimming  the  vegetable 
matter  which  rises  to  the  surface,  and  removing  the  mineral  constit- 
uents which  fall  to  the  bottom.  These  fluxed  binders  are  the  best 
heavy  binders  on  the  market,  but  are  not  in  general  use  on  rural 
roads  as  they  are  more  expensive  than  the  residuum  bitumens. 

The  artificial  bituminous  materials  arc  derived  by  the  destructive 
distillation  of  coal,  or  by  fractional  distillation  of  crude  coal  tars, 
or  the  native  petroleum  oils.  They  comprise  the  crude  coal  and 
water  gas  tars,  the  refined  tars,  the  residual  oils  and  semi-solid  binders 
derived  from  the  petroleum  oils.  They  vary  greatly  in  consistency 
and  binding  power. 

The  following  material  is  briefed  from  Bulletin  No.  34,  United 
States  Office  of  Public  Roads:  The  light  oils  and  tars  have  a  relative 
small  percentage  of  bituminous  base  and  are  effective  only  so  long 
as  it  retains  its  binding  power;  the  more  permanent  binders  contain 
a  larger  percentage  of  bitumen;  these  are  the  heavy  oils  and  semi- 
solids. 

1  Jodfloo's  "Roads  and  Pavements."  page  %7 . 
'  ^Dutt  Pnventivet  and  Rood  Binden.**^         )oVa^^c<)  ^lSciq^ 
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Artiildal  Bttomeiis. 

Cmde  Tars.  Coke  ovtns  and  gas  plants  produce  most  of  the  coal 
tars  in  use.  These  tars  contain  various  complex  combinations  of 
carbon,  hydrogen,  and  oxygen  and  small  amounts  of  nitrogen  and 
sulphur.  They  vary  in  composition  according  to  the  material  from 
which  they  are  made  and  the  temperature  at  which  they  are  distilled. 
The  percentage  of  free  carbon  ranges  from  5  per  cent  to  35  per  cent, 
and  the  bitumen  from  60  per  cent  to  95  per  cent,  depending  on  the 
temperature  of  manufacture.  Tars  produced  at  high  temperatures 
contain  free  carbon  in  excess  which  weakens  their  binding  power; 
they,  also,  contain  a  large  amount  of  anthracine  and  napthalene, 
two  useless  materials  from  the  standpoint  of  road  work.  Tars 
produced  at  low  temperatures  are  to  be  preferred.  Coke  tar  is  low 
temperature  tar;  gas  tar  is  high  temperature  tar. 

Refined  Tars. 

Much  of  the  road  tar  is  refined  tar  —  that  is,  it  has  been  subjected 
to  fractional  distillation  to  remove  the  valuable  volatile  compounds. 
The  residuum  from  this  process  is  a  thick  viscous  material  known  as 
coal-tar  pitch,  and  if  the  crude  tar  from  which  it  is  obtained  was 
produced  at  a  low  temperature  it  is  nearly  pure  bitumen;  the  dead 
oils  obtained  from  the  distillation  are  of  little  value  and  are  often 
run  back  into  the  pitch,  which  makes  it  liquid  when  cold.  The 
following  table  gives  the  approximate  composition  of  water-gas  tar, 
crude  coal-tar,  and  refined  tar. 

Table  25.    Specific  Gravity  and  Compositign  of  Tar  Products 
Table  from  Bulletin  No.  34  United  States  Office  of  Public  Roads 


Kind  of  Tar 

Specific 
Gravity 

Ammo- 
niacal 
Water 

Total 
Light  Oib 
to  170'  C. 

Total 

Dead  Oils 

170*  270*  C. 

Residue 

(by 

Difference) 

Water-gas  tar  . . . 
Crude  coal  tar  . . 
Refined  coal  tar  . 

1 

I.041 
1. 210 
1. 177 

% 
2.4 
2.0 
0.0 

% 

021.6 

(/I7.2 

612.8 

% 
652.0 
e26.o 
W7-6 

% 

C24.O 
/S4-8 

a  Distillate  mostly  liquid. 
b  DistnUte  all  Uquid. 
c  Pitch  very  brittle. 
d  Distillate  mostly  solid. 


c  DistiDate  one-half  solid. 
/  Pitch  hard  and  brittle. 
g  Distillate  one-third  solid. 


Table  25  a  gives  a  more  up-to-date  analysis  of  the  coal  tars  cm  the 
market. 

The  tests  and  detailed  requirements  for  light,  medium,  and  heavy 

bitumens  are  given  in  specifications,  page  311. 

//  t/ie  tar  is  used  as  a  temporary  dust-layer  only,  it  should  be  a 

fow'temperature,  dehydrated  tar,  liquid  wVveiv  cold.  If  used  as  a  more 

permanent  binder  and  applied  hot,  it  should  bave  a\atx%ei  v^TC£iAa%« 
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of  pitch,  should  contain  no  water,  and  be  free  from  an  excessive  amount 
of  fixed  carbon.  If  used  as  a  mastic  in  bituminous  macadam,  it 
should  contain  a  high  percentage  of  pitch  and  be  free  from  the  defects 
mentioned. 


Hatnnd  Bitumens  and  Artificial  Residual  Oils  and  Semi-Solids. 

l^Iineral  oils  can  be  classed  as  paraffm  petroleums,  mixed  paraffin 
and  asphaltic  petroleiuns  and  asphaltic  petroleums.  The  relative 
value  of  oils  as  a  source  of  supply  for  road  materials  depends  on 
their  i>ercentage  of  asphaltic  residue.  The  eastern  oils  found  in 
New  York,  Pennsylvania,  West  Virginia,  etc.,  are  paraffin  petro- 
leums; the  western  oils  vary  from  light  to  heavy  asphaltic  petro- 
leums, and  the  southern  oils  have  a  mixed  paraffin  and  asphaltic  base. 

The  crude  petroleum  is  refined  by  fractional  distillation  to  obtain 
its  valuable  products,  such  as  kerosene,  etc.  The  character  of  the 
residue  depends,  as  for  the  tars,  on  the  crude  material  and  the  method 
of  manufacture;  the  operation  known  as  '*  cracking,"  which  is  used 
to  increase  the  yield  of  the  inflammable  oils,  produces  an  excess  of 
free  carbon. 

The  paraffin  petroleum  residuums  are  soft  and  greasy  and  are  not 
suitable  for  road  work;  they  contain  a  large  amount  of  the  paraffin 
hydrocarbons  and  parsiffin  scale  (crude  paraffin). 

The  California  f>etroleum  residuums  resemble  asphalt,  and  if  care- 
fully distilled  without  cracking  should  contain  little  or  no  free  carbon. 
They  are  suited  to  road  work. 

The  Texas,  or  semi-asphaltic,  petroleums  contain  some  paraffin 
hydrocarbons  and  about  i  i>er  cent  of  paraffin  scale.  Residuums 
from  these  oils,  if  containing  a  relatively  small  amount  of  paraffin, 
can  be  successfully  used. 

The  tests  and  required  properties  of  residuum  bituminous  binders 
used  on  the  New  York  State  roads  in  191 1  are  given  in  specifications, 
page  311. 

The  following  tables  give  a  general  idea  of  the  relative  character- 
istics of  the  crude  petroleums  and  petroleum  residuums. 

Table  No.  26.    Results  of  Tests  of  Crude  Petroleum 
Tables  from  Bulletm  No.  34.  United  States  Office  of  Public  Roads 


KiadsofOQ 


Pennsyhrania,  paraflin. 
Texas,  semi-asphaltic  . 
CaJilomia,  aspoaltlc  . . 


0.801 
.904 

•939 


.a 


'U 


(a) 

43 
26 


:so_  o 
o      •- 


7o 
47.3 

ao.o 


7c 
58.0 
27.0 


% 
68.0 
490 


9 

Pi 


% 

CSI.O 


c  Or^ouy  tempenture 
*Soft 


c  Quick  fk)w  e  Soil  tQaVL\».\  %\iOp| 

d  Volatility  at  aoo**,  1  \)o\m. 
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Answen  to  Questions 


Maximum 

temperature 

to  which  coal 

is  broi^ht 


950-1150*  c. 

050- » I 50* C 

Q5o-iiso'C. 

gSo-n5o'C. 

950-1150*0. 

95a- II  SO*  C. 
950- 1 1 50*  C. 

950- IX 50*  C. 

950-1150*  C. 

iiSo'C. 
iooo*C. 

ii50*C. 

»  I200*C. 

iooo*C.    ) 
(i8oo*  F.)  J 


iiii*C. 

(2000*  F.) 
1444*  C. 

(»6oo*  F.) 

1222* C. 

(2200*  F.) 

1222*  C. 

(2200*F.) 

(») 

i  1388* c 

I    (2<00*F.> 

.  ( 880-950* 

;i    c. 

■  833*  c. 

I   (iSoo*F.) 

ligoo*F.) 
»iiii*C. 
(2000*  F.) 
»iiii*C. 

i    (2000*F.) 

1000* C. 

dHoo'  F.) 


Specific  gravity 
of  crude  tar 


.  12-1.  21 

.  I2-I.  2Z 

,  12-1.  21 

.  12-1.  21 

.  12-1.  21 

,  12-1.  21 
,  12-1.  21 

,  12-1.  21 

,  12-1.  21 

I.  17 
X.16 
(20*0 
X.17 
(15*  C.) 
1.17 

1. 10 


1. 170 
1.14 

X.2 

'     1. 19 

I.  14-1.  15 

(SO*  F.) 

1.207 

io*C. 

P) 

1.  16-1.  20 

<I.I74 
1. 160 

I.  20-1.  30 

»  (1.221) 


1.12 


Per  cent  of 
free  carboa 
in  tar 


3-12 
3-12 

3-ii 

3-12 

3-12 

3-X2 
3-12 

3-12 

3-12 

5-72 

8 

8-10 

16-24 

10-15 
•16.0 

7,  09-10.64 

«8-io 

4-5 

16.50 

(») 
12-15 

4-35 


7-0 

•<7..0 


1 

I      > 


i.i6 


'IS 


1(^24 


Examination 


Specific 
gravity 

of  tar, 

25 


'*C. 


I  195 
1.206 
1.176 
1.168 

1. 173 

1. 191 
1.169 

1159 
1.181 

1.159 
1.141 

1.175 
1.160 
1. 214 

1. 143 
1. 160 

1. 191 
1.179 
1. 133 
1.176 

I  195 
1.171 

1. 169 

)  1.182 


Per 

Per 

cent 

cent 

of  free 

of 

carbon 

ash 

7.76 

0.12 

S.77 

.07 

7.14 

.04 

Per 
cent 
soluble 
in  CSi, 
includ- 
ing 
HjO 


6.10 
4.71 

7-49 
6.56 

6.07 

8.85 

505 
396 

6.90 
13-94 
14.05 

10.81 
8.37 

7.89 

8.49 

5.21 


12.18 
3.89 


2.73 


11.30 


1. 211     ;     12.40 


.OS 
.06 

.03 
.11 

.08 

.02 

.02 
.05 

.06 
.00 

.J3 

•OS 
.06 

•03 
•03 
.07 


•05 
.06 

.04 
.06 

.16 


92. 12 

91.16 

92.82 

93.8s 

95.23 

92.4S 
93.33 

93-85 

:  91.13 

94.93 
I  95.99 

93.04 
86.06 
85.82 

89.14 
91.57 

92.08 
91.48 
94  72 


10.53  I   .04   ■  89.43 


87.77 
96.05 

97  23 
88.64 

8744 


1.210  \  \ej.%o\   .00  \^»vv> 
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n" 

C.„-,.„.i.. 

Distillation  nsulli 

Wi 

le. 

Lj*,*^, 

i* 

{iir? 

JI36 

J>89 
SoSi 

ioaj 

g 

5>oS 

Solvay  Proceit  Co..  Syracuse.  K.Y.     . . 

*K-|SK..S-;.r-"""","" 

Setnet-SolTay  Co..  Nalioiul  Tube  Co. 

O.S 

•o-j         0.3 

ScSSA"c..*;Mii«i«Cok.-fc 

Semet-Solviy    Co..  Petuuyivania    Slee 

Cci.,  Lebanon.  Pa 

By-Producti  Coke  Coiporalion.   Suutli 

Sem  "i^S^°;.y  Co.,  Dclmil  Mkh:;: 
Semel-Solvay    Co.,    Empire    Coke      Co. 

5en.rt-s3V«;*ck'.  Dunbar  Vi^ia^  Co. 

Dunbar.Pa 

Semel-Solvay  Co,,  Cenlrol   Imn  ft  loa 
Co.,  Tuicaloaa,  Ala. 

Co..(Sealer,   Pa 

Semet-SolvayCa.,  EiBley.Ala 

•"J,S,'ifi!'..°". '"■.'■• 

Cotie  &  Gat  Co.,  Glanport.  P>. .   .   . 
Zenith  Furnace  Co.,  Oululh, Minn..    ., 
lllinoliSleelCo.,  JolKt,Iil..    .. 

C^mdl^  Coke  Co.:  r.mden,  X.J. 
Ciinbria  Sleel  C.<..  Ji>hn!>li>i>n.  Pu   .   . 
Uckaaanna  Sleel  Co.,  Bunilo.  N.V.  - 

K 

It 

.3 

-'J£' 


iSuL"' 


» llhifllnie.  one-hHitth  lobil. 
II  Iii.lillolc.  nine-lentha  mud. 
"  [ItXillale.  DirH-hmrtbi  aolid. 
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1 

Examination,  Odice  of  Public  Roads 

1 

DistilUtkui  results 

Middle  oib. 
iio*-x7oC. 

Heavy  oik, 
i7o*-27o  C. 

Heavy  oils. 
270--3XS'  C. 

Pitch 

Serial 
No. 

r 

51 

0.8 

0.7 

»i3.x 

ii.S 

»   8.2 

7.3 

»76.6 

79.x 

5x36 

•3.0 

X.7 

*  X4.0 

X2.3 

*   7.9 

6.9 

"74.7 

77.6 

5x23 

1 

1         .7 

.6 

14.9 

X3.2 

"  1X.9 

X0.6 

■69.5 

73.x 

5x24 

.8 

.6 

"  2X.X 

X8.9 

••  5  5 

4-9 

"69.4 

7».5 

5x37 

.8 

.6 

"175 

iss 

'•9.4 

8^ 

■70.1 

73.7 

5X21 

»    4 

.9 
J 

"23.6 
"  14.6 

20.7 
X3.0 

•  9.8 

•  6.9 

8.9 

5.7 

»6<.x 
"68.4 

68.9 
72.0 

5125 
5x28 

.6 

.5 

»X7.6 

15.5 

"  XX.4 

10.4 

W63.8 

67.7 

5200 

.2 

.2 

W20.0 

17.8 

«    6.5 

5-7 

•69.6 

73.1 

5189 

3 

-3 

18.6 

16.3 

*«7.5 

6.8 

"68.0 

71.5 

SI60 

1.2 

■2 

.8 

•a 

22.8 
>'  16.5 

xos 

I4.I 

"  13.6 
"    9-3 

12.5 

8.2 

57.8 
"69.3 

62.0 
73.2 

5074 
5081 

.6 

•5 

23.5 

20.4 

"  15.6 

14.4 

"55-2 

597 

509s 

.1 

"13.0 

lO.Q 

«    9.4 

8.1    . 

1 
1 

»7o.7 

74-6 

5083 

.6 

.7 
•    .6 

i 

•4 

27.2 
27.9 

»«I2.X 

24.2 

24.4    . 
10.2 

"    7.3 
"    3.8 

«II.O 

6.7    . 
3.5 
9  7 

"59.8 
»6i.i 
»73.7 

635 
64.9 
77.5 

5x59 
5107 
5086 

.6 

.4 

»X7.2 

xsx 

"    9.6 

1 
8.5 

"69.7 

73-2 

5078 

x-4 

•S 
•4 

•  .2 

•  .4 

.6 
•    .3 

•2.2 

X.3 
.4 
.3 
.2 

•3 

S 

.2 

1.7 

23.9 

••26.9 

U18.X 

•20.0 

•20.6 

»<20.S 

•xi.7 

?l.4 
23.6 
15.9 
x8.o 
18.S 

X8.2 

6.1 
9.9 

"11.6 
"   6.9 
» 12.S 
»  13.4 
•   7.1 
»   8.5 
^    7.4 
»•  11.8 

10.4 

6.3 

II. I 

12.0 

6.5 

75 

6.Q 

10.2 

»6o.8 
"63.5 
«63.7 
"62.8 
"67.x 
»66.4 
»  72.0 
»  71.1 

64.7 
67.6 
67.8 
66.3 
70.2 
70.1 
74.8 
7S.O 

S087 
5109 

5122 
S188 

5404 
5108 

SI27 
5089 

Repehemces  to  Table  25  a 


»  Distinate.  two-thirds  solid. 
M  Dbtillate,  four-fifths  solid. 
P  Dlitillate.  seven-ei&bths  solid. 
I*  Distillate,  one-ninth  solid. 
**  Distillate,  one-third  solid. 

■  Distillate,  one-sixth  soi.id. 

■  Distillate,  one-fifth  solid. 


«  Distillate,  two-fifths  solid. 
»  Distillate,  one-seventh  solid. 
»«  Distillate,  three-fifths  solid. 
*  Pitch,  soft  and  stick  v. 
"  Pitch,  very  soft  and  sticky. 
"  Pitch,  hard  and  brittle. 
"Pitch,  plastic 
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RESULTS  OF  PETROLEUM  RESIDUUMS 


Kinds  of  OU 

Specific 
Gravity 

Flash  Point 

•c. 

Volatility  at 

200*C. 

7  Hours 

1 

Solid 
Paraffin 

Fixed 
Carbon 

Pennsylvania,  paraffin 

Texas,  semi-asphaltic 

California,  asphaltic 

o.gao 

•974 
1.006 

186 
214 
191 

% 
14.2 

6.2 
17-3 

% 
085.8 
floj.8 
082.7 

% 

II.O 

1.7 
0.0 

1 
% 

3-5 

a  Soft. 

The  method  of  testing  bituminous  materials  recommended  by  the 
American  Society  of  Civil  Engineers  is  given  below: 

AMERICAN   SOCIETY   OF   CIVIL  ENGINEERS 

SPECIAL  COMMITTEE  ON 
BITUMINOUS  MATERIALS  FOR  ROAD  CONSTRUCTION 

LIST    OF   ANALYSES   AND    METHODS   OF   TESTING 
BITUMINOUS   MATERIALS  PROPOSED  BY  COMMITTBB 

July,  1909 

TARS 

Water-Soluhle  Materials.  —  Boil  gently  2  grams  of  material  with 
25  c.c.  of  distilled  water  for  one  hour.  Filter  and  wash  with  25  ex. 
of  boiling  water.  Evaporate  filtrate  in  weighed  dish  to  dryness  and 
constant  weight  at  105**  C.  Weigh  residue.  Ignite  residue  and 
weigh  again,  giWng  weight  of  inorganic  matter  plus  weight  of  crudblft 
Weight  42  minus  weight  #3  gives  weight  of  organic  matter. 

Sprcific  Gravity.  —  Use  some  standard  form  of  pyknometcr. 
Material  and  distilled  water  must  have  a  temperature  of  25®  C. 

For  semi-solid  and  solid  materials  use  Sommer's  Pyknometer. 

Free  Carbon. — The  free  carbon  shall  be  determined  by  dissolvingi 
for  15  hours.  2  grams  of  the  comix>und  in  100  c.c.  of  cold  carbon 
bisulphide,  filtering  the  solution  through  a  weighed  Gooch  cnidble, 
fitted  with  an  asbestos  pad,  drying  to  constant  weight,  and  weighing 
the  insoluble  residue;  then  igniting  crucible  until  all  carbon  is  burned 
off.  weighing  the  residue  (ash).  The  difference  between  the  2nd  and 
3rd  weights  is  "  Free  Carbon."  The  difference  between  the  xst  and 
3rd  is  ash  which  should  be  noted. 

Fixed  Carbon.  —  About  one  gram  of  the  compound  is  wd^ied 

mtoa  platinum  crucible  ij  to  \\  inches  high.    The  cnidble  with 

the  lid  on  is  heated,  first  gently,  aivd  vVvctv  until  no  more  smoke 

and  ffamc  issues    between   the  ciucVbVe  and  \3iafc  VA..   \\.  \i 
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ated  three  and  one-half  minutes  in  the  full  heat  of  the  burner; 
en  cooled  and  weighed.  The  crucible  lid  is  then  removed  and 
e  crucible  and  contents  allowed  to  remain  in  the  full  heat  of  the 
imer  until  the  carbon  is  burned  ofif,  and  then  weighed  again. 
he  difference  between  these  two  weights  is  the  Fixed  Carbon. 
Evaporation,  —  Twenty  grams  of  compound  are  heated  in  a  flat-bot- 
med  dish,  two  and  one-half  inches  in  diameter  and  about  one  inch 
gh,  for  a  total  of  five  hours  in  three  successive  periods  of  three,  one, 
kI  one  hours,  respectively,  in  an  oven,  the  interior  of  which  is  main- 
ined  at  a  uniform  and  constant  temperature  of  170^  C.  This  oven 
to  be  controlled  by  any  thermo  regulator,  controlling  within  two 
!grees,  and  is  to  have  its  full  temperatme  before  the  compound  is 
troduced.  The  dish  must  be  level.  Remove  dish  from  oven  and 
ir  contents  thoroughly  for  one  minute  between  successive  periods. 
Penetraiion  of  Residue  from  Evaporation  Test.  —  The  penetration 
lall  be  measured  by  a  standard  machine  using  100  grams  load  and 
2  needle.  Use  a  flat-bottomed  glass  dish  seven-eighths  of  an  inch 
I  diameter  and  one  and  one-half  inches  in  height.  Fill  flush  with 
vp  with  material  and  allow  same  to  stand  at  room  temperature  for 
le-half  hour.  Immerse  in  water  bath,  covering  material  for  one 
JUT.  Immerse  needle  to  be  used  for  five  minutes  in  same  bath. 
est  at  once,  making  three  determinations.  The  recorded  penetra- 
on  will  be  the  average  value.  Temperature  4**  C.  and  25**  C. 
Note:  Residue  must  be  melted  at  lowest  possible  temperature 
id  thoroughly  mixed  by  stirring. 

Melting  Point  of  Residue  from  Evaporation.  —  The  material  whose 
telting  point  is  to  be  determined,  is  melted  and  poured  into  a  mold 
lat  will  make  a  one-half  inch  cube.    A  #io-gage  wire  about  6*' 
>  8"  long  b  bent  at  right  angles  for  a  length  of  i"  at  one  end  and 
le  center  of  the  cube  is  placed  on  this  end  so  that  one  of  the  diagonals 
'  the  vertical  face  of  the  cube  is  parallel  to  the  long  part  of  the  wire. 
ake  a  bottle  of  a  size  about  2"  in  diameter  and  4."  high  and  place  a 
!ece  of  white  paper  in  the  bottom  of  it.    Pass  the  long  part  of  the 
ire  through  the  cork  of  the  bottle  so  that  the  lower  edge  of  the  cube 
in  be  within  one  inch  of  the  bottom  of  the  bottle.    Also  put  a 
termometer  through  the  cork  so  that  the  bulb  is  opposite  the  cube. 
lace  the  bottle  in  a  water  or  oil  bath  and  raise  the  temperature  of 
le  bath  at  a  rate  of  three  to  six  degrees  C.  a  minute.    The  melting 
>int  of  the  material  is  the  temperature  of  the  thermometer  inside 
te  bottle  at  the  time  that  the  material  touches  the  paper  in  the 
>ttom  of  the  bottle. 
Distillation.  — 
Up  to  105**  C. 
From  105®  to  170®  C. 
From  170®  to  225®  C. 
From  225®  to  270**  C. 
From  270®  to  300®  C. 

Seven  hundred  grams  of  the  compound  are  weighed  into  a  retort 
I.  &  A.  four  pints  #4521),  whose  top  is  fitted  with  a  tee  a&  clo^  %& 
nsible  to  the  retort,  and  a  condenser  pipe  lAr"  ^'^  ^^'*  ^'^"'Ck:*»\  ^^ 
per  broDch  of  the  tee  is  used  for  the  inseTtAoii  ol  ^  \>Dkerc&!atfiK\xsL< 
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Uio  top  of  whose  bulb  is  placed  immediately  below  the  main  outlet 
of  the  tee. 

Viscosity  or  Consistency,  —  Temperatures  at  which  viscosities  will 
be  determined,  are  loo^  C.  and  25   C. 

Penetrometer  to  be  used  in  accordance  with  standard  method  on 
materiab  solid  at  above  temperatures.  On  materials  which  at  the 
above  temperature,  the  penetrometer  cannot  be  used,  the  viscosity 
shall  be  determined  by  one  of  the  following  instruments: 

Engler  Viscosimeter. 

Lunge  Tar  Tester. 

New  York  Testing  Laboratory  Viscosimeter. 

COMPOUNDS  PREPARED  FROM   PETROLEUM  OR 
NATURAL  ASPHALT  PITCHES 

Melting  Point  of  Solid  Asphalts.  —  Same  method  as  for  residue 
from  evaporation  of  tars. 

Water-Soluble  Materials.  —  Same  method  as  for  tars. 

Specific  Gravity.  —  Same  method  as  for  tars. 

Free  Carbon.  —  Same  method  as  for  tars. 

Material  Soluble  in  Cold  Carbon-Tetrachloridc.  —  Same  method  as 
for  Free  Carbon,  except  carbon-tetrachloride  is  used  as  a  solvent 
instead  of  carbon  bisulphide. 

Fixed  Carbon.  —  Same  method  as  for  tars. 

Paraffin.  —  100  grams  or  less  of  the  compound  is  distilled  rapidly 
in  a  retort  to  dry  coke. 

Five  grams  of  the  well-mixed  distillate  is  treated  in  a  two-ounce  6ask 
with  25  c.c.  Squibbs  absolute  ether;  after  mixing  thoroughly,  25  c.c. 
Squibbs  absolute  alcohol  b  added  and  the  flask  packed  closely  in  a 
freezing  mixture  of  finely  crushed  ice  and  salt  for  at  least  30  minutes. 
Filter  the  precipitate  quickly  by  means  of  a  suction  pump,  using  a 
iSlS  C.  S.  &  S.  9  cm.  hardened  filter  paper.  Rinse  and  wash  the 
flask  and  precipitate  (with  i  to  i  Squibbs  alcohol  and  ether  mixture 
cooled  to — 17  C.)  until  free  from  oil  (50  c.c.  of  washing  solution  is 
usually  sufficient).  When  sucked  dry  remove  {>aper,  transfer  waxy 
precipitate  to  small  glass  dish,  evaporate  on  steam  bath,  and  weigh 
paraffin  remaining  on  dish. 

Calculation.  —  Weight  of  paraffin  divided  by  weight  of  distillate 
taken  and  multiplied  by  per  cent  of  total  distillate  used  from  original 
sample,  equals  per  cent  of  paraffin. 

Evaporation  Test  §1.  —  Same  method  as  for  tars. 

Penetration  of  Residue  from  Evaporation  Test  fi. —  Same  method 
as  for  similar  residue  of  tars. 

Melting  Point  of  Residue  from  Evaporation  Test  #/.  —  Same  method 
as  for  similar  residue  of  tars. 

Solubility  in  88°  Baumi  Xaphtha.  —  Two  grams  of  compound  arc 

placed  in  4  oz.  oil  sample  bottle  made  up  to  100  c.c.  with  88**  B 

naphtha,  having  a  boiling  point  between  40°  C.  and  55°  C,  the  whole 

well  shaken  until  compound  is  broken  up.    The  bottle  is  then  centrif- 

ugalized  for  10  minutes,  50  c.c.  are  withdrawn  into  a  weighed  flask, 

the  naphtha,  distilled  by  a  water  baOi,  and  Xiaft  itsL<d>i<&  ^ca^aed. 
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Another  10  c.c.  of  the  naphtha  solution  is  run  over  3^''  Petri  gictss 
and  allowed  to  evaporate  for  24  hours  at  room  temperature.  Note 
character  of  residue,  i.e.,  sticky  or  oily. 

Viscosity  or  Consistency.  —  Same  as  for  tars. 

Evaporation  Test  §2.  —  Same  method  as  for  tars  except  oven 
temperature  shall  be  205°  C. 

Penetration  of  Residue  from  Evaporation  Test  #2.  —  Same  method 
as  for  tars. 

Melting  Point  of  Residue  from  Evaporation  Test  §2.  —  Same  method 
as  for  tars. 

7.  Concrete  Materials. 
Cement. 

There  are  five  different  classes  of  cement,  Portland,  Natural, 
Pozzolan,  Iron  Ore,  and  Magnesia  cements.  Of  these  the  Portland 
or  Natural  is  usually  specified. 

Portland  cement  is  an  artificial  mixture  of  carbonate  of  lime  and 
clay,  ground  to  a  fine  powder,  thoroughly  mixed  and  burned  at  a 
hig^  temperature. 

Natural  cements  are  made  by  burning  unground  argillaceous  lime- 
stone or  magnesian  limestone  at  a  low  temperature  without  the  addi- 
tion of  other  materials  to  the  natural  stone. 

Portland  cements  are  usually  heavier,  stronger,  slower  setting, 
and  more  uniform  than  the  natural  cements  and  are  generally  used 
for  road  structures,  such  as  culverts,  retaining  walls,  etc.;  natural 
cements  are  often  used  to  advantage  for  concrete  paving  base  and 
are  usually  cheaper  than  the  Portlands. 

The  tests  used  to  determine  the  value  of  the  cement  are  for,  ist, 
Fineness;  2d,  Constancy  of  Volume;  3d,  Time  of  Initial  and  Final 
Set;  4th,  Tensile  Strength;  5th,  Chemical  Composition;  6th,  Sjjecific 
Gravity. 

The  methods  of  making  these  tests  and  the  standard  requirements 
are  given  in  specifications,  page  334. 

Sand. 

A  good  concrete  sand  should  be  clean,  sharp,  and  not  excessively 
fine.  Particles  larger  than  f  are  not  considered  as  sand.  Crusher 
dust  is  often  used  as  a  substitute  for  sand  and  is  satisfactory,  provided 
the  stone  from  which  it  is  obtained  is  clean  and  of  good  quality. 

Crushed  Stone  for  Concrete. 

Any  hard  clean  stone  is  satisfactory;  dirty,  rotten,  or  badly 
weathered  stone  should  not  be  used. 

For  reinforced  concrete  the  size  of  the  stone  is  usually  i"  to  1" 

.  in  order  to  facilitate  the  compacting  of  the  concrete  between  the 

reinforcing  bars  or  mesh.     For  plain  concrete  a  mixed  size  is  used 

ranging  from  Y'  to  3!'';  a  scientifically  graded  stone  reduces  the 

amount  of  mortar  required,  but  the  strwctuies  m  to^^  -voj^  vt^^ 

small  that  it  does  not  pay  to  attempt  to  tedxict  \}Ckfc  nov^^  ydl'^^^ 
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tnanner  and  the  size  that  is  available  is  used,  varying  the  proportioiiB 
of  mortar  to  get  a  dense  product. 

Gravel  for  Concrete. 

Screened  gravel  can  be  used  in  the  same  manner  as  crushed  stone; 
the  pebbles,  however,  must  be  dean  and  hard;  shale  gravel  slK>uld 
not  be  used. 

Unscreened  gravd  is  often  used  for  unimportant  culvert  founda- 
tions and  paving  base.  If  it  is  dean,  has  not  a  great  excess  of  fine 
material,  and  the  cement  is  properly  proportioned  to  the  fine  material, 
it  is  satisfactory  and  is  usually  cheaper  than  crushed  stone  concrete. 


PART  II 

THE  PRACTICE  OF  THE   SURVEY,  DESIGN, 
ESTIMATES,  AND   CONSTRUCTION 


CHAPTER  VIII 
THE  SURVEY 

As  the  survey  furnishes  the  information  for  the  design,  it  must 
be  carefully  made  in  regard  to  the  essential  features.  These  are 
alignment,  levels  and  cross-sections,  drainage,  information  con- 
cerning foundation  soils,  available  stone  supply,  available  sand, 
gravel,  filler,  etc.;  direction  and  amount  of  traffic,  railroad  un- 
loading points,  the  location  of  possible  new  sidings,  and  such 
topography  along  the  road  as  will  have  a  bearing  on  the  design. 
The  survey  should  be  made  not  more  than  a  year  before  construc- 
tion starts  and  during  the  open  season,  as  a  snowfall  of  any  depth 
makes  the  work  unreliable  and  only  fit  for  a  rough  estimate. 
When  contracts  based  on  winter  surveys  are  awarded  it  is  always 
necessary  to  take  new  cross  sections  to  insure  a  fair  estimate  of 
the  excavation. 

A  party  of  five  men  is  a  well-balanced  force  for  surveys  of  this 
character. 


Force  EquiptnefU 

Engineer  Transit 

Instrument  man    Level 

Three  helpers         2  loo'  steel  tapes 

3  50'  metallic  tapes 

3  pickets 

2  level  rods 

Pocket  compass 

Hatchet 

Sledge 

Axe 

Keel 


Stationery 

Reports 
Pendls 
Notebook 
U.S.  G.  S.  map. 

Stakes 
For  preliminary  survey 
no  stakes  per  mile 
For  construction 
220  stakes  per  mile 


The  Center  Line.  The  placing  of  the  center-line  hubs 
(transit  points)  requires  good  judgment  and  should  be  done  by 
the  chief  of  the  party.  In  locating  them  he  considers  the  prin- 
ciples of  alignment  discussed  on  page  17.  The  hubs  are  placed  at 
tangent  intersections  and  sometimes  at  the  P.C.*s  and  P.T.'^o.! 
curves  and  are  referenced  to  at  least  tViite  ptixsv^xv^xA.  '^\xc«k 
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that  will  not  be  disturbed  during  construction.     (See  sample 
page  of  notes,  Fig.  43.) 


/" 

DiTlfclJon 
Angle 

Curve  ^ 
Data 

RL  Sfa.9*26i4^ 

rZ-5*5W' 

^J 

l&Angk  3'20'\J 

^v 

-0- 

P.I.  Sfa.  0^00 

^H 

V 

Is'Oak 


1     i'n^fce 


-O 


/u 


^> 


Bam 


^(^ 


.4" 


^IS'Oak 


Fig.  43.  —  Alignment  Notes 

The  deflection  angles  at  the  tangent  intersections  are  usually 
read  to  the  nearest  minute,  taking  a  double  angle  to  avoid  mis- 
takes; the  magnetic  bearing  of  each  course  is  recorded.  For  all 
deflection  angles  over  4°  it  is  good  practice  to  figure  and  run  in 
on  the  ground  the  desired  curve.  Curves  with  central  angles 
of  less  than  4^  can  be  run  in  with  the  eye  during  construction. 

The  center  line  is  marked  at  intervals  of  either  fifty  or  one 
hundred  feet  (see  cross- section,  page  121)  in  any  convenient 
manner;  the  alignment  of  these  points  should  be  correct  to 
within  0.2  and  the  distance  along  the  line  to  within  o.i  per 
100  feet  of  the  length;  any  attempt  to  get  more  accurate  sta- 
tioning is  a  waste  of  time.  The  chaining  may  be  done  on  the 
surface  of  the  ground  up  to  a  grade  of  5  per  cent  with  no  objec- 
tionable error;  beyond  that  slope,  however,  the  tape  should  be 
leveled  and  plumbed.  Steel  tapes  should  be  used  for  chaining 
the  center  line  and  referencing  the  hubs. 

A  convenient  method  of  marking  the  actual  center-line  sta- 
tions is  to  use  a  nail  and  piece  of  flannel;  red  flannel  for  the  100' 
stations  and  white  flannel  for  the  intermediate  50'  stations,  if 
needed.  Where  the  soil  is  sandy,  or  muddy,  and  these  nails 
would  be  kicked  out  or  covered,  a  line. of  stakes  can  be  set  out- 
side of  the  traveled  way  on  a  specific  offset  from  the  center  line. 
However,  if  an  offset  line  is  used  the  chaining  of  all  curves  should 
be  done  on  the  center  line  to  insure  a  coticcV  ceivVei-Unc  distance 
^^d  the  stakes  placed  radially  on  the  d^su^d  o^stV.    ^^^^3^0^ 
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ea  nuke  good  permanent  transit  points  and  are  easily 
ed. 

t  the  ftame  time  that  the  line  is  run  it  is  just  as  nell  to  paint 
100*  station  numbers  on  any  convenient  place  where  they 
be  readily  seen,  as  stations  marked  in  this  manner  make  it 
b  easier  to  sketch  in  the  topography  than  if  marked  in  chalk 
takes.  Alio,  if  the  stations  are  permanently  marked  it  is 
•J  for  the  construction  engineer  to  pick  up  the  transit  points 
>me  future  time. 

party  ol  five  men  will  run  from  two  to  four  miles  of  center 
a  day,  the  speed  depending  upon  the  number  of  curves  and 
til  of  tangents,  if  the  hubs  have  been  previously  placed  and 
•CQced.  If  the  hubs  arc  placed  at  the  same  time  the  line 
ji,  the  work  is  greatly  delayed. 

ID  place  and  reference  the  transit  points  at  the 
t  the  rate  of  from  four  to  ten  miles  per 
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irela    and    CroSB-SectiDnB.      Bench    levels  are  run  in  the 

il  manner;  the  levels  will  be  sufficiently  accurate  if  the  rod 
ad  to  the  nearest  o.oi';  for  such  work  any  good  level  and  a 
reading  rod  graduated  to  hundredths  are  satisfactory, 
ches  are  established  at  intervals  of  1,000-1,500  feet;  they 
t  be  substantial,  well  marked,  and  so  situated  as  not  to  be 
iirbed  during  construction.  A  small  railroad  spike  in  the 
of  a  tree,  a  large  boulder,  or  the  water  table  of  a  building 
e  good  baches. 

he  bench  leveJj  laAy  be  referred  to  some  \tiwi\  4a.Vas(i  'VR. 
tmJ  u#e  or  to  the  U.  S.  levels,  or  the  datutn  ta-ft  ^>e  »»,m.ti*4.. 
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In  running  bench  levels  it  is  better  to  use  each  bench  as  a  turn- 
ing point,  as  side-shot  benches  may  be  wrong  even  if  the  line  of 
levels  is  correct. 

Cross-sections  are  taken  at  either  loo'  or  50'  intervals,  at  all 
culverts,  possible  new  culvert  sites,  and  any  intermediate  breaks 
not  shown  by  the  normal  interval.  Enough  sections  are  taken 
to  show  the  constantly  changing  shape  of  the  road. 

The  distance  of  the  shots  from  the  center  line  of  the  road 
is  read  to  the  nearest  i.o'  where  the  ground  has  no  abrupt 
change  of  slope  and  to  the  nearest  0.5'  where  there  is  a  well- 
defined  abrupt  change.  The  elevations  are  read  to  the  nearest 
o.i'.  The  sections  should  extend  from  fence  line  to  fence  line, 
or  in  villages  from  sidewalk  to  sidewalk,  and  the  position  of  the 
pole  lines,  tree  lines,  curbs,  etc.,  noted.  Engineers  differ  as  to 
whether  the  sections  should  be  taken  at  a  normal  interval  of 
50'  or  100'. 

Table  27  gives  the  difference  in  the  computed  quantity  of 
earthwork  using  50'  and  100'  sections  with  intermediate  sec- 
tions at  well-defined  breaks  in  the  grade. 

Table   27 


Length 

Charac- 

Excava- 

Excava- 

Appro- 
xmiate 
Differ- 
ence 

Percent 

Name  of  Road 

Figiued 

ter  of 

,    tion  50' 

tion  xoo' 

of  Differ- 

I 

.    . 

Road 

1    Section 

1 

Section 

ence 

i 

J 

1    Cu.  Ft. 

Cu.  Ft. 

Cu.  Ft. 

Scottsville 

Mumford    . . . 

I 

mile 

flat 

61.444 

61.995 

550 

+  Vi7c 

ScotUvHle 

Mumford    . . . 
LcToy 
Caledonia 

I 

<i 

hflly 

III.IOQ 

III. 700 

600 

+   \% 

I 

<> 

rolling 

57,840 

60,560 

2700 

+  4i% 

•Leroy 

Caledonia 

I 

»t 

flat 

77.841 

78,659 

800 

+  1    % 

Clarence 

Center 

I 

'• 

rolling 

73.7^7 

73,048 

700 

-I    % 

Clarence 

Center 

I 

i 

flat 

,      38.037 

39.415 

1400 

+  3A% 

Lockport 

Tonawanda    . . . 

I 

K 

flat 

59.006 

59.470 

400 

4-    i\% 

*East  HenrietU 

Rochester 

I 

(« 

rolling 

37,275 

36,075 

1200 

-3i% 

QUESTION  OF  QUANTmES 


NUH                SUtiDB 

of       ud       to 
raw!            Stition 

^S^ 

Quuiitia 

by  IDO' 

SMBD. 

BTflT^"' 

*roy 

;>led<HiiB,    80-  90  . . . 
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Cu.  Ft. 

Ca.Fi. 

19,IS1 

i9.S>S 
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+  3  % 

90-100  . . . 

+  7  % 

21,555 
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-Ul 

1 10-120  ... 

Total  and  tLveragea    . 

77.841 

78,659 

Soo 

+  1   % 

lutHenrietu 

Rochester,        0-19  . . , 

HfiiS 

14,300 

-1 1 

31-49  . . 

ii,9So 

",57S 

350 

ToUl  and  averages    . 

37.175 

J6,07S 

-Jl% 

The  question  of  quantities  Is  not  the  only  Taclor  in  determining 
e  inteTval.  Where  it  is  important  to  fit  the  local  conditions, 
in  a  village,  or  to  utilize  an  old  hard  foundation,  the  designer 
helped  by  50'  sections. 


Wo. 

B.S, 

f-S. 

H.I. 

Elev, 

Left 

iiiii 

Right 

1  i  1  i  i 
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In  taking  cross-sections  the  work  becomes  mechanical,  and 
unless  the  engineer  in  charge  is  unusually  alert  to  all  the  inter- 
mediate changes  better  results  will  be  obtained  by  the  use  of 
the  shorter  interval.  For  these  reasons  the  author  believes  that 
a  50'  interval  is  advisable  except  on  long  uniform  stretches  of 
road. 

A  party  of  three  men  will  run  from  4,000  to  7,000  feet  of  50' 
cross  sections  per  day;  a  party  of  four  men  from  5,000  to  9,000 
feet,  depending  on  the  country. 

DRAINAGE 

The  drainage  notes  show  the  position  and  size  of  all  the  exist- 
ing culverts;   the  area  of  the  watersheds  draining  to  them  and  a 
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Fig.  46 


recommendation  of  the  size  culvert  to  be  built;  the  location, 
drainage  area,  and  size  of  desirable  new  culverts;  the  necessity 
for  outlet  ditches  and  their  length,  if  required;  the  elevation  oif 
flood  water  near  streams,  and  the  condition  of  the  abutments  and 
superstructure  of  long-span  bridges.  The  cross-section  levels  are 
supplemented  to  show  these  points  fully.  Where  the  U.  S. 
geological  maps  are  available  the  areas  of  watersheds  can  be 
easily  determined;  where  no  such  maps  have  been  made  the 
drainage  areas  can  he  easily  mapped  wiui  a  %rcv«W  \^  \^VDft\a9^ 
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oriented  with  a  magnetic  oeedlei  the  distances  can  be  paced  and 
the  divides  determined  with  a  hand  level.  One  inch  to  2,000 
feet  is  a  convenient  scale. 

The  drainage  scheme  should  be  carefully  worked  out  by  the 
Chief  of  Party,  as  the  possibilities  of  friction  with  local  people 
are  greater  on  this  part  of  the  design  than  any  other.  In  the 
chapter  on  Drainage  this  fact  was  mentioned  and  designers  were 
cautioned  not  to  use  new  culverts  unless  necessary. 

TOPOGRAPHY 

The  topography  notes  show  the  features  of  the  adjacent  terri- 
tory thai  might  afiect  the  design.  These  include  the  location 
of  buildings,  drives,  intersecting  roads,  streams,  railroads,  poles, 
trees,  sidewalks,  crosswalks,  and  property  lines.  The  names 
ol  property  owners  are  recorded. 


Fto.  4J 


A  umple  method  of  locating  these  points  is  to  refer  them  di- 
rectly to  the  previously  run  center  line  by  right-angle  offsets; 
such  notes  are  easily  taken  and  quickly  plotted. 

In  taking  the  topography  the  plus  stationing  along  the  center 
line  and  the  offset  distances  to  all  points  inside  of  the  road  fences 
should  be  measured  by  tape  to  the  nearest  foot;  the  distances 
to  and  the  dimensions  of  buildings,  etc.  outside  of  these  limits, 
can  be  paced  or  estimated;  the  bearings  of  the  property  lines 
can  be  read  near  enough  with  a  pocket  compass,  except  for  Sight 
of  Way  surveys  which  are  described  on  page  117. 

The  instruments  needed  for  work  ot  iViis  V\n4  i^e  a.  v^^*''^ 
compf  reading  to  i°,  steej  picket,  and  me\.a.\\\c  >.^v^. 
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Two  experienced  men  will  take  from  two  miles  to  four  miles 
of  topography  a  day  except  in  villages,  where  from  one  half  to 
a  mile  is  average  speed. 

DIRECTION  AND  AMOUNT  9F  TRAFFIC  is  determined 
by  inspection  and  inquiry  of  the  residents  along  the  road. 

To  illustrate  the  information  required,  an  extract  from  the  sur- 
vey report  of  the  Fairport  Nine  Mile  Point  Road  is  given  below: 

FAIRPORT  NINE   MILE    POINT   ROAD    TRAFFIC   REPORT 

Heavy  Hauling.  The  direction  of  heavy  hauling  on  this  road 
is  approximately  as  follows: 

1.  Station  No.  195  to  station    o    towards  Fairport. 

2.  "  "    195  "        "       400       "        Webster. 

3.  "  "    580  "       "       400 

This  divides  the  road  into  three  sections  for  the  determination 
of  the  ruling  grades. 

The  ruling  grade  for  section  i  will  be  determined  by  the  hilB 
at  station  10  and  station  48  and  probably  will  be  limited  to 
5  per  cent. 

The  ruling  grade  for  section  2  will  be  determined  by  the  knoUs 
at  stations  267,  285,  and  300. 

The  ruling  grade  for  section  3  will  be  determined  by  the  hills 
at  stations  445  and  494. 

The  team  traffic  is  medium  heavy  station  90  to  station  o;  light, 
station  270  to  90;  medium,  station  270  to  375;  heavy,  station 
375  to  386;  very  heavy,  equivalent  to  city  street,  station  386 
to  408;  medium  heavy,  station  408  to  450,  and  light,  station  450 
to  580.  Macadam  construction  will  not  be  suitable  stations 
386  to  408. 

The  automobile  pleasure  traffic  will  be  largely  through  traffic 
and  probably  fairly  heavy. 

FOUNDATION  SOILS 

The  notes  on  soils  show  the  character,  width,  and  depth  of 
the  existing  surfacing  material  and  the  kind  of  underlying  mate- 
rial. This  feature  of  the  survey  is  important,  as  it  governs  the 
thickness  of  the  bottom  course,  and,  to  a  certain  extent,  the  posi- 
tion of  the  grade  line  where  an  existing  solid  foundation  can  be 
utilized  and  the  thickness  of  the  improved  road  reduced  to  a 
minimum. 

Even  with  a  careful  soil  examination  it  is  impossible  to  make 
the  design  of  the  foundation  definite,  as  mentioned  on  page  70, 
but  the  quantity  of  the  material  that  will  be  needed  can  be  esti- 
mated very  closely. 

The  subsoil  can  be  readily  examined  by  driving  a  ij"  or  i" 

steel  bar  to  the  required  depth,  which  is  usually  not  over  4jo' 

to  5.0'   even  in  cuts^  removing  the  bar  and  replacing  with  a  J" 

gas  pipe,  which  is  driven  a  few  inches  and  withdrawn.     The  core 

win  give  a  fair  idea  of  the  material  Vo  be  tncoMTvlcwA, 
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Fig.  48 

Where  rock  is  encountered  the  elevation  of  the  outcrop  is 
shown,  and  if  the  rock  underlies  the  toad  for  any  distance  within 
two  or  three  feet  of  the  surface  this  depth  is  determined  by 
driving  bars.     Sample  notes  below: 


Sudan 

ten 

CeoUr  LEne 

Risht 

61 

6j 

is' 

"5 

00 

oo" 

1.0' 

The  note  3.5'  means  that  20'  to  the  left  of  the  proposed  center  line 

of  the  improvement,  the  rock  is  3.5'  below  the  present  surface; 
from  these  notes  the  rock  can  be  readily  plotted  on  the  cross- 
sections.  Its  character  can  be  determined  from  adjacent  out- 
crops, or  from  test  pits,  if  required. 

LOCATION  Ain>  CHARACTER  OF  MATERIALS 
The  selection  of  materials  and  the  estimate  of  the  construction 
co»t  depend  on  a  knowledge  of  the  avttft&Wc  Toa.\.c™,V,  aa*. '^^a. 
location  reUtive  to  the  road. 
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Unloading  Points  for  Frei^t.     Provided   U.    S.    geoloi 

maps  arc  obtainable,  the  po^iiion  of  sidings  may  be  marked 
the  sheets.  The  notes  for  each  siding  show  its  car  capacity 
whether  or  not  an  elevator  unloading  plant  can  be  erected,  and  if 
hand  unloading  is  necessary  whether  learns  can  approach  from 
one  side  or  two.  They  should  also  show  any  coal  trestles  "'-■ 
can  be  utilized  in  unloading,  and  the  location  and  probable  co 
any  new  sidings  Ibat  will  materially  reduce  the  length  of  the  hsuL 
Canal  or  river  unloading  points  arc  shown  in  the  same  mann 


Sand,  Gravel,  and  Filler  Material.     The  position  of  sand  aod 

gravel  ]>iis  and  hllcr  material  are  noted  with  their  cost  at  the 
pit;  if  no  local  material  is  available  the  cost  l.o.b.  al  the  neareit 
siding  is  given. 

Stone  Supplr-  Provided  imported  stone  is  to  be  used  the  work 
is  simplifit'd  to  determining  the  rate  f.o.b.  to  the  various  sidinss 
for  the  product  of  the  nearest  commercial  si  one- crushing  plart 
thai  produces  a  pro|)er  grade  of  stone. 

In  case  local  stone  is  available  the  location  of  Ihe  quirriet 
or  outcrop!!  is  shown;   the  amount  of  stripping,  if  any,  and  tht 
cost  of  quarry-  rights.     If  the  estimate  will  depend  upon,  rock 
owned  by  a  smgtc  person  an  option  is  obtained  to  prevent  ib   , 
exorbitant  raise  in  price. 
In  the  case  of  Jicid  or  fence  stone  a  careful  estimate  is  made  of    , 
the  Dumber  of  yards  of  boulder  slone  a.-4a\\«k^\«,  >.^ic  owten'    | 
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names,  what  they  will  charge  for  it,  the  position  of  the  fences  or 
piles  relative  to  the  road,  or  side  roads,  and  if  the  fences  are  not 
abutting  on  a  road  or  lane  the  length  of  haul  through  fields  to 
the  nearest  road  or  lane.  As  fences  are  usually  a  mixture  of 
different  kinds  of  rock,  the  engineer  estimates  the  percentage  of 
granite,  limestone,  sandstone,  etc.,  and  the  percentage  that  will 
nave  to  be  blasted  or  sledged  in  order  to  be  crushed  by  an  or- 
dinary portable  crusher.  The  amount  of  field  stone  required 
per  cubic  yard  of  macadam  is  given  in  estimates,  page  236.  If 
there  is  a  large  excess  of  stone  a  careful  estimate  need  not  be 
made,  only  enough  data  being  collected  to  determine  the  probable 
position  of  the  crusher  set-ups  and  the  average  haul  to  each  set- 
up. If  a  sufficient  supply  is  doubtful  a  close  estimate  is  made  as 
outlined  above  and  options  obtained  from  the  various  owners. 
Samples  of  the  different  rocks  are  tested.  (See  materials.) 
Preliminary  surveys  of  the  above  description  should  be  made 
at  a  speed  of  from  two  to  four  miles  per  week  at  a  cost  of  from 
$35  to  $70  per  mile,  allowing  $6  per  day  for  the  engineer;  $3.50 
for  the  instrument  man;  $2  ]>er  man  for  three  laborers;  $1  per 
day  board  per  man  and  $4  per  day  for  livery. 

Right  of  Way  and  diversion  line  surveys  are  often  needed  but 
are  usually  not  made  at  this  time;  if  the  designer  believes  that 
additional  land  must  be  acquired  or  that  a  diversion  line  is 
necessary,  he  indicates  the  information  desired  and  the  surveys 
are  made. 

.  RIGHT  OF  WAY  SURVEYS 

These  surveys  are  used  not  only  to  show  the  amount  of  land 
to  be  acquired  but,  also,  the  damage  to  property  from  altering 
the  shape  of  a  field,  cutting  a  farm  in  two,  changing  the  position 
of  a  house  or  barn  relative  to  the  road,  etc. 

The  acreage  to  be  taken  is  shown  by  an  ordinary  land  survey 
in  which  the  road  lines,  property  lines,  corners,  etc.,  are  located 
in  relation  to  the  proposed  center  line  of  the  improvement,  and 
their  lengths  and  bearings  carefully  determined.  It  is  often 
difficult  to  locate  the  road  boundaries,  as  town  records  are  care- 
lessly kept  and  there  is  a  general  tendency  to  encroach  on  the 
road.  As  the  amount  paid  for  new  Right  of  Way  is  rarely  settled 
on  an  acreage  basis,  it  is  customary  to  take  the  existing  fence 
lines  as  the  road  line  unless  it  is  very  evident  that  the  fence  has 
been  moved.  This  produces  better  feeling  on  the  part  of  the 
property  owner  and  does  not  affect  the  price  paid.  The  lines 
between  adjoining  properties  are  usually  well  defined. 

In  cases  where  an  orchard  is  damaged  the  position  and  size  of 
the  trees  are  noted;  where  a  field  or  farm  is  cut  the  whole  field 
is  shown,  with  the  shape  and  acreage  of  the  pieces  remaining  after 
the  land  actually  appropriated  has  been  taken  out. 

As  is  usually  done  in  all  land  surveys,  the  parcel  to  be  bought 
is  traversed  and  the  survey  figured  for  closure  etiox  v.^  vtvs^w^ 
the  description  against  mistakes. 

The  standard  form  of  map  and  descriptioiv  ol  Oci^  "^ .  X .  ^VsC 
Department  is  shown  in  the  following  iUusttalVoti*. 
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Uiit. 

E^v, 

Di,t. 

Ekv. 

Din 

Ekv. 

99.51 

(1.96 

99-^4 

"8:08 

98.91 

10.40 

98.S. 

12.10 

99.S' 

99-'3 

8.74 

98.90 

10,45 

9S.S0 

IS.Ii 

4     - 

99- SO 

7-07 

M,13 

8.S0 

98.88 

10.51 

98.48 

6  ...      . 

99-49 

7- '3 

99-3' 

S.85 

98.87 

10-57 

98.47 

ll'.lt 

8 

99-48 

7.19 

99.  JO 

8.91 

98.86 

10,6) 

98.46 

11.31 

'° 

99-47 

7-sS 

99.19 

8-97 

98.85 

10.68 

98.44 

11.38 

ij 

99.46 

7-30 

99.18 

9-oj 

98.83 

10.74 

98.43 

12.43 

9946 

7-36 

99.17 

9.0S 

98.81 

10.79 

98.41 

11.49 

i6 

994S 

7-41 

99.16 

98.81 

:o.85 

98.40 

11.5s 

iS 

99-44 

7.48 

99.1s 

9.10 

98.80 

98-39 

12.60 

lO 

99-43 

7-53 

99-14 

9-15  I98-7S 

Io:96 

98.37 

12.66 

11 

W.4* 

7.S9 

99.'3 

9-31  193.77 

11  01 

98-36 

ia.72 

14 

99.41 

7-6s 

99.11 

9-37    98.76 

11.08 

08.34 

■1-77, 

It 

Q9.40 

7-71 

99.10 

o-;3    9S.74 

11-13 

98-33 

12.83  ■ 

99-39 

7.76 

99-09 

9.48  !g8,73 

11.19 

98.31 

12-88! 

io 

99-38 

'"' 

99.0S 

9-54    98-71 

II.J5 

98.29 

12.94' 

3.     ,    ... 

99.38 

7,S8 

99-0? 

9.(>o]  98,71 

11.30 

9S.3S 

13-00 

i4 

99-37 

7-94 

99-06 

9.65  ,  98.69 

11.36 

98.17 

13-05 

36. 

9936 

7.99 

99.0s 

g.71  1  98.(j8 

98.1s 

13.11 

38 

99-35 

a.05 

99-04 

9.77  198.67 

11.47 

98.24 

13-17 

40 

8-1 1 

9903 

9-83    98-65 

it.53 

98.22 

1311 

4S 

99-33 

8.17 

99.01 

9.88    98.64 

11-59 

98.10 

13.28 

44 

99-33 

8.J1 

99-00 

9-94'  98.63 

T1.64 

93.19 

13-33 

46 

99-3' 

8.2S 

9S.99 

10.00  1  98.61 

11.70 

98.17 

'339 

48      ... 

99-30 

8-34 

9B.98 

lo.DS  1  98.60 

11.76 

98.16 

1345 

SO 

99.  jg 

8.4. 

98-97 

10.11,;  98.58 

11.81 

98.14 

13-50 

SJ 

99.38 

8-4S 

98.96 

'0.17     98.57 

11.87 

98.13 

'356 

54 

99-17 

8.51     9a.94 

'o."     98-56 

11.93 

98.it 

13-6' 

S6 

99.16 

8.57     98-93 

.0.18  1  98.54 

1..98 

98.10 

'3-67 

58 

99-15 

8.63  ■!  98-91 

10.34  '  98.53 

12.04 

Q8.0S 

13-73 

60 

99-14 

8.68  .  98.91 

10.40  198.51 

98.06 

.3-78 

c  =  o.;s- 

0-7S 

0.06,     0.7s 

0.07  |.    0.75 

0.08 

0.74 

0.10 

.-,.. 

..00 

0.0S  i    0.99 

0.09'    0.99 

0.1. 

0.99 

0.13 

^ -'■«>?' 

o..l\     >... 
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Tabu  iS.    Hobuontal  DistANCES  an 

D  Elevations  nou  Stadia 

|— 

RSAMNCS.  — Cow 

iniKd 

M 

: 

— 

Il 

TUB.   '    Hdi.       Diff. 

""*"    1     t&*'. 

"■ 

Dill. 

Ekv. 

DM. 

El=..      Hit,      Etev, 

^^ 

"i"^    9S.06 

.3.78 

9755 

15.45 

96.98 

1710    Qb.36 

^s:^ 

....  98-OS 

13-84 

97-53 

iSS" 

96.96 

17.16    96.34 

18.78 

,           Oi-Oi 

.3.89 

97-S3 

15-56 

96,94 

lJ-31;' 96.32 

.8.84 

6 

98.0. 

ii9S 

97.50 

iS-62 

96-92 

i;.j6   96.39 

1B.89 

8 

.   .   .   58J30 

14.01 

97.48 

15.67 

96.90 

17-321  96.>7 

18.95 

10 

.    97.98 

14.06 

97.46 

15.73 

96.88 

17.37    96-25 

19.00 

,j 

97.9? 

14. 1 J 

97.44 

■5-78 

96.86 

17.43    96.23 

19-05 

«4 

97-95 

14.1 7 

97-43 

iS-84 

96.84 

.7-48,96-21 

19.11 

16 

07-93 

14-23 

07-41  1  15.89 

96,83 

17-54    96- iS 

19.16 

18 

....  1,7.93 

14.J8  ,  97.39 

15-95 

96.80 

17.59  ■196-16 

19.31 

M 

■    ■  •;  97.90 

14.34 

97-37 

16.00 

96.7a 

17.65  1  96.14 

19-37 

,j 

97-83 

14-40 

97-3S 

i6jd6 

96.76 

17.701' 96.12 

19-32 

24 

97-87 

14.45 

97.33 

16.11 

96.74 

17.76    96.09 

19.38 

16 

97.8s 

14-51 

97.3' 

16.17 

96.72 

i?.8tl  96-07 

19-43 

16 

97.83 

14.56 

97-29 

96.70 

17.86    96,05 

19.48 

JO 

07-82 

14.62 

97.2S 

16.18 

96.68 

17.92     9603     1954 

3' 

.      97.80 

14-67 

97.J6 

16-33 

9O-66 

17-97'  96.00    <g.59 

.  J4 

97.78 

14.73 

97-24 

16.39 

96.64 

18.03    95-98  1  19-64 

36 

97.76 

14-79 

97-22 

16.44 

96,63 

18.08    95.96     19.70 

38 

97.73 

14-84 

97.20 

16.50 

96.60 

18.14    95-93  ,  19.75 

40 

.  97-73 

14.90 

97-18 

16.55 

96.57 

18.19    95.91  ;  19-80 

41 

,..    97.71 

14.95 

97.16 

16.61 

96.55 

iS.34 

95.89 ,  19.86 

44 

97.69 

15-01 

97-14 

i6.66 

06-53 

18.30 

95.86 

19.91 

46 

:....    97.68 

1506 

97.12 

16.7J 

96.51 

18.3s 

95.84 

19-96 

48 

97-66 

15.11 

97.10 

16.77 

96.49 

.8.4. 

95.82 

SO 

■'■97-64 

1517 

97.08 

16.83 

96.47 

18.46  II  95.79 

70.07 

32 

..    ,.i97.6J 

15-23 

97.06 

16.88 

96-45 

18.51 1|95.;7 

20.12 

S4 

'97.61 

15.2S 

97.04 

16.94 

96.43 

■8.57'!9S.7S 

ia.iS 

S6 

1  97-59 

15.34 

97.02 

16.99 

96.40 

18.61,195.73 

20.13 

S8 

'97-S7 

15^0 

9700 

17.0s 

96.38 

.8-681195.70 

30.38 

60 

■■    ;97.SS 

15.45 

96.98 

17.10;' 96-36 

18.73  [95.68 

20.54 

c  = 

1 
0.7S-      0.74 

on 

0.74 

0.13'    0.74 

0.14 

0.73      0.15 

c  = 

..00,  j    O.P9      o.ts 

0.99 

0.16 

0.98 

«.iS 

0.9S10.30 

\ 

"^ 
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i.    Horizontal  Distances  and  Elevations  from  Stadia 
Readings.  —  Continued 


16° 

1 

1 

1 

17" 

i8*» 

I9« 

1 

Hor. 

Diff. 

Hor. 

DiflF. 

Hor. 

Diff. 

Hor. 

Diff. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist 

Elev. 

Dist. 

Elev. 

.92.40 

26.50 

91-45 

27.96 

90.45 

29.39 

89.40 

30.78 

92.37 

26.55 

91.42 

28.01 

90.42 

2944 

89.36 

30.83 

92.34 

26.59 

91-39 

28.06 

90.38 

29.48 

89.33 

30.87 

92.31 

26.64 

91.35 

28.10 

90.35 

29.53 

89.29 

30.92 

!  92.28 

26.69 

91.32 

28.15 

90.31 

29.58 

89.26 

30.97 

92.25 

26.74 

1  91.29 

28.20 

90.28 

29.62 

89.22 

31.01 

.|i  92.22 

26.79  i 

91.26 

28.25 

90.24 

29.67 

89.18 

31.06 

.1;  92.19 

26.84 

91.22 

28.30 

90.21 

29.72 

89.15 

31.10 

92.15 

26.89 

91.19 

28.34 

90.18 

29.76 

89.11 

31.IS 

.  .92.12 

26.94 

91.16 

28.39  ! 

90.14 

29.81 

89.08 

31.19 

.•  92.09 

i; 

26.99 

91.12 

28.44 

90.11 

29.86 

89.04 

31.24 

.'  92.06 

27.041 

91.09 

28.49 

90.07 

29.90 

89.00 

31.28 

1,92.03 

27.09 

91.06 

28.54 

90.04 

29.95 

88.96 

31.33 

.  .1  92.00 

27.13 

91.02 

28.58 

90.00 

30.00 

88.93 

31.38 

,  9197 

27.18 

90-99 

28.63 

89.97 

30.04 

88.89 

3M2 

:  91-93 

27.23 

90.96 

28.68 

89-93 

30.09 

88.86 

31.47 

.:  9190 

27.28  1  90.92 

28.73 

89.90 

30.14 

88.82 

31.51 

491.87 

27.33 

90.89 

28.77 

89.86 

30.19 

188.78 

31.56 

91.84 

27.38  1  90.86 

28.82 

89.83 

30.23 

88.75 

31.60 

..  91.81 

27.43  1: 90.82 

28.87 

89.79 

30.28 

88.71 

31.65 

9177 

27.48 

90-79 

28.92 

89.76 

30.32 

88.67 

31.69 

1 
91.74 

27.52 

90.76 

28.96 

89.72 

30.37 

88.64 

31.74 

91.71 

27-57 

90.72 

29.01 

89.69 

30.41 

88.60 

31.78 

.91.68 

27.62 

90.69 

29.06 

89.65 

30.46 

88.56 

31.83 

91.65 

27.67  j 

90.66 

29.11 

89.61 

30.51 

88.53 

31.87 

.    91.61 

27.72 

90.62 

29-15 

89.58 

30.55 

88.49 

31.92 

•  91.58 

27.77 

90.59 

29.20 

89.54 

30.60 

88.45 

31.96 

91SS 

27.81 

90.55 

29.25 

89.51 

30.65 

1 88.41 

32.01 

.!   91.52 

27.86 

90.52 

29.30 

89.47 

30.69 

'88.38 

32.05 

;  91.48 

27.91 

90.48 

29.34 

89.44 

30.74;  88.34 

32.09 

91-45 

27.96    90.45 

2939 

89.40 

30.78 

88.30 

32.14 

1 
0.72 

0.21 

1 
0.72 

0.23  , 

1 
0.71 

0.24 

0.71 

0.25 

>. 

0.96 

0.28      0.95 

0.30 

0.95 

0.32 

0.94 

0.33 

I 

1.20 

0.35  j   1.19 

0.38 
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33-4& 
33-5° 
33'54 
3359 
33-63  I 
33'&7 ' 

33-72 


'  87.70  '  3J.8S 
.  87-<><i  3.2.89 
87.63  ii.g3 
87.5S  '  3'-58 
87.54  '  33.03 


'  86.73    33-93 

;  86.69    33-97 

'  86.6s    34.0"      _  . 

'  S6.61  I  34.06    85.40 

■  86.5;  j  34.10    85.36 

86.5J  34.14  ,83.31 
86.49  I  34.18  ■  8s.J7 
86.45  ■  34.^3  :  85.13 
86.41  J4.37  ,85.19 
86.37    34.31    Ss.is 


■  87.51  33.07  I 
87.47  33-"  ■ 
87-43  33-' 5 
8;. 30  33-'o 
87-3S  '  33-^4 

87-31  '  33.*8 
87.>7  I  33.33 
87.24  I  33.37  ' 


8O.17  134.51. 

86.13  34.57 1 
86.09  '  34.61 
86.05  I  34.6s 
S6.01  34.69 
SS^7_  34.73^ 
0.70  I    0.3; 


35-36 

3S.40  84.06 
3544'  84.01 
35-48;  83.97 
35-5'  I  83.93 

35-56 1183.89 


35.60'  83.84  36.! 

35.64!  S3.80  36J 

35-68  183.76  36JB 

35-721183.77  36^3 

3576    83.67  36^4 


3S.8o  83.63 
35-85  83.59 
35-89  83-54 
35-93  '  83.50 
35-97    83.46 


0.38      a.93      0-4P . 

[-i6^  t>j^\  \.\i\  t)jS\  \.\%\ 


35.97 
36*1 
36.05 
36.09 
36.13 
36.1: 

36.21 
36-25 
36.S9 
36.33 
36.37 

36.41 
36-45 
36-49 
36-53 
36-57 

36.61 
36.65 
36-69 
36-73  ' 
36-77 
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X  18. 

HoRUOOTAt  Distances  and  Elevations  nou 

Stadia 

Rbadings.  —  Continued 

.4" 

25° 

26° 

"■ 

Hot. 

Diff 

Hoi. 

Diff 

Hof 

Diff 

Hor. 

Din. 

niita 

Din, 

Eiiv: 

Dist. 

EJtv, 

mu. 

Elev. 

DUl. 

El«- 



83^6 

37.16 

82.14 

38.30 

"8^ 

39-40 

79-39 

4045 

83-41 

37'o 

82.09  1  38.34 

80.74 

79.34 

4049 

83-37 

37-23 

82.05    38-38 

80.69 

39.47 

79-30 

40.52 

8333 

3J.*7 

81.01  1  38.41 

80.65 

39-51 

79-25 

40.55 

83.2a 

37.3» 

81.96 

38.45 

80.60 

39-54 

40.59 

83.« 

37-35 

81.92 

38.49 

80.5s 

39-58 

75-15 

40.63 

83.M 

37-30 

81-87 

38.53 

80,51 

39.61 

79 '1 

40.66 

83..S 

37-43 

81.83 

38-56 

8046 

39-65 

J9.06 

40.69 

8311 

3747 

81.78 

38.60 

8041 

39-69 

J9-01 

40.72 

83.07 

37.S1 

8.-74 

38.64 

80.37 

39-72 

78.96 

40.76 

83.02 

37-54 

8:. 69 

38.67 

80.32 

39-76 

78.92 

40.79 

82.9S 

37.58 

!  81.6s 

38.71 

80.2S 

39.79 

78.87 

40.82 

S2.g3 

37.62 

81,60 

38.75 

8o.)3 

39-83 

78.82 

40.86 

82.89 

37-66 

B1.56 

38-78 

80.18 

39.86 

78.77 

40.89 

S2.S5 

37.70 

8>.s. 

38.82 

80.14 

39.90    78.73 

40.92 

|3).8o 

37-74 

81.47 

38.86 

80.09 

39-93  1  78.68 

40.96 

82.76 

37.77 '81.42 

38.89  '  80.04 

39.97  ■  78.63 

40.99 

8J.7S 

37.81  ■8..38 

38,93     80.00 

40,00 ;  78.5S 

41.02 

82.67 

37.85  ,  81.33 

38-97 

79-95 

40.04    78.54 

41.06 

82.63 

37.89 

:  81.28 

39-00 

79.90 

40.07    78.49 

41.09 

82.S8 

37.9J 

81,24 

39-04 

79.86 

40.11  '78.44 

41.12 

]  82.54 

37-9^ 

81.19  ,  39.03 

79.81 

40,14   78.39 

4...6 

18249 

38.00]  81. IS  ,3g.I  I   179.76140.18     78.34 

41.19 

.8M5 

38XHI  81.10  ;  3g. IS     79.72     40.JI     7S.30 

4I.»2 

.82.41 

38.081' 81.06     3Q,i8     79,67140,24     78.2s 

41.26  ■ 

,  82.36 

38.1.     S1.01 

39.22     79.62     40.28  178.20 

41.29 

'  8J.32 

38.15   '80.9; 

39.26     79.58    40.31     78.15 

41.3a 

:  82.27 

38,19   ,80.92 

39.29  ■  79.53     40.3s  :  78.10 

41.3s 

1 82.23 

38-23     80.87 

39-33  ,  79-48  1  40.38     78.06 

41.39 

i  8!.i8 

38.26  ,  80.83 

39.36     79.44  1  40.42     78-01 

41 4J 

1  8J.14 

38,30     80.78 

39-40  ;  79.39  ;  40.4s     77-96 

4  MS 

0.75 

1    0.6S 

°  J' ;  0.68 

0.33       0.67      0.33      0,66 

0.3s 

A -l 

l.OO 

1    0.9. 

0.41 '  0.90 

043 !     0.89      0.4S      0.89 

0.46 

1.35 

O.S4      ...2\o.5b^x..A    ..* 
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Table  28.    Horizontal  Distances  and  Elevations  from  Stadia 

Readings.  —  Continued 


28^ 


Minutes 


Hor. 
Dist. 


O 
2 

4 
6 

8 

10 


77.96 

77.91 
77.86 

77.81 

77.77 
77.72 


12 77.67 

14 77.62 

16 77-57 

18 77.52 

20 77.48 

22 77.42 

24 77.38 

26 77-33 

28 77.28 

30 77-23 

32 77-18 

34 77-13 

36 77-09 

38 77-04 

40 76.99 


42 

44 
46 

48 
SO 

52 
54 
56 
58 
60 


c  =  0.7s 


c  =  1. 00. 


I.2S.  .j. 


76.94 
76.89 
76.84 
76.79 
76.74 

76.69 
76.64 

76.59 
76.55 
76.50 

0.66 
0.88 
1. 10 


Diff. 
Elev. 


41-45 
41.48 
41-52 
41.55 
41.58 
41.61 

41-65 
41.68 
41.71 
41.74 

41.77 

41.81 
41.84 
41.87 
41.90 

41-93 

41.97 
42.00 
42.03 
42.06 
42.09 

42.12 

42.15 
42.19 

42.22 

42.25 

42.28 

42.31 

42.34 

42.37 
42.40 

0.36 


29^ 


30* 


Hor. 
Dist. 


76.50 

76.45 
76.40 

76.3s 
76.30 
76.25 

76.20 

76.15 
76.10 
76.05 
76.00 

7595 
75-90 

75-85 
75-80 

75.75 

75-70 

75.65 
75.60 

75-55 
75-50 

75-45 
75.40 

75-35 
75.30 
75-25 

75.20 

75-15 
75-IO 

75.05 
75.00 

0.65 


0.48         0.87 


0.60 


1,09 


Diff. 
Elev. 


\ 


42.40 

42.43 
42.46 
42.49 

42.53 
42.56 

42.59 
42.62 

42.65 

42.68 

42.71 

42.74 
42.77 
42.80 
42.83 
42.86 

42.89 
42.92 

42.9s 
42.98 

43.01 

43.04 
43.07 
43.10 

43.13 
43.16 

43-18 
43.21 
43.24 
43-27 
43.30 

0.37 

0.49 


Hor. 
Dist. 


i 


7S-00 

74.95 
74.90 

74.85 
74.80 

74.75 

74.70 

74.65 
74.60 

74.55 
74.49 

74.44 
74.39 
74.34 
74.29 

74.24 

74.19 
74.14 
74.09 
74.04 
73-99 

73.93 
73.88 

73.83 
73.78 

73.73 

73.68 

73.63 
73.58 
73.52 
73.47 

0.65 

0.86 
1.08 


Diff. 
Elev. 


43.30 
43.33 
43.36 
43-39 
434a 
4345 

4347 
43.50 
43.53 
435^ 
4359 

43.62 

43-65 
43.67 
43.70 

43.73 

43.76 

43-79 
43.82 

43.84 
43.87 

43.90 

43.93 

4395 

43.98 
44.01 

44-04 
44.07 
44.09 
44.12 
44.15 


0.38 


0.51 


[  "^i 
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version  Line  Surveys.  Where  there  is  no  doubt  as  to  tht 
s  to  be  adopted,  or  the  alignment  to  be  used,  the  location 
ide  directly  in  the  field  and  the  center  line  is  run  and  the 

sections  taken  in  the  same  manner  as  for  a  preliminary 
ry.  If,  however,  the  country  is  badly  cut  up  and  it  is  diffi- 
to  make  a  field  location  direct,  a  transit  stadia  survey  is 
I  covering  the  territory  that  will  include  all  the  possible 
tons  and  from  the  resulting  contour  map  the  different  loca- 

are  projected  and  approximate  estimates  figured.  The 
ted  line  is  then  run  in  the  field,  cross  sections  taken  in  the 

manner  and  an  accurate  estimate  made.  This  method  is 
so  seldom  that  the  author  does  not  feel  justified  in  giving 
;  to  the  theory  of  stadia  measurements  or  the  methods  of 
&  surveys.  If  the  reader  is  not  familiar  with  this  class  of 
he  is  referred  to  the  standard  works  on  surveying. 
:onvenient  scale  for  a  contour  map  for  the  projection  work 
toned  above  is  i"  =  20'  with  a  contour  interval  of  i'  to  5', 
idlng  on  the  country.  Table  28  is  useful  for  reducing  stadia 
For  a  small  number  of  shots  this  table  and  a  slide  rule 
inswer  the  purpose;  for  any  extended  amount  of  work  a 
I  reduction  diagram  or  Noble  &  Casgrain's  tables  are  recom- 
ed. 

the  stadia  work  is  well  done  very  satisfactory  projections 
«  made. 

ADJUSTMENT  OF  INSTRUMENTS 

^e  Level.  To  make  the  line  of  collimation  parallel  to  the 
ype  rings.  Level  the  instrument  roughly.  Loosen  the  Y 
>s  so  the  telescope  can  turn  freely  in  them;  clamp  the  hori- 
1  motion  and  by  means  of  the  leveling  screws  and  tangent 
•n  bring  the  intersection  of  the  cross  hairs  on  some  well- 
;d  point.  Then,  without  lifting  from  the  Ys,  turn  the 
ope  over  180**  watching  to  see  if  the  cross  wires  remain  on 
oint  during  the  operation;  if  they  do  the  adjustment  is 
:t;  if  they  do  not,  correct  }  the  apparent  error  for  both 
al  and  horizontal  wires  by  means  of  the  cross  hair  ring, 
ting  screws,  and  repeat  until  the  wires  remain  on  the  point 
complete  revolution. 

make  the  longitudinal  axis  of  the  level  bubble  parallel  to  the  plane 
ine  of  collimation.  Level  the  machine  over  either  pair  of  level- 
re  ws;  unclamp  the  Ys;  rotate  the  telescope  in  the  Ys  until 
ibble  tube  is  on  one  side  of  the  bar.  If  the  bubble  remains 
".  center  the  adjustment  is  correct.  If  it  runs  from  the 
'  bring  it  to  its  correct  position  by  means  of  the  sidewise 
ting  screw  at  one  end  of  the  bubble  case. 
make  the  bubble  parallel  to  the  rings  and  line  of  collimation. 
the  machine;  unclamp  the  Ys;  lift  the  telescope  carefully 
the  Ys  and  reverse  end  for  end;  if  the  bubble  runs  to  the 
•  after  the  telescope  has  been  reversed  lYi^  ^L^YMflXxEkKcX  \% 
t;  if  not,  correct  i  the  error  by  means  ol  Oafc  ^AIva&>a»% 
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nuts  on  the  bubble  case  and  )  the  error  with  the  leveling  screws 
and  repeat  the  test  until  the  bubble  remains  in  the  center. 

To  adjust  the  Ys  so  the  level  bubble  will  be  at  right  angles  to 
the  axis  of  the  instrument.  Level  the  machine  approximately  over 
both  sets  of  screws;  level  carefully  over  one  set;  rotate  on  the 
spindle  180°;  if  the  bubble  remains  in  the  center  the  adjustment 
is  correct;  if  not,  correct  i  the  error  by  means  of  the  adjusting 
nuts  on  the  Ys  and  i  by  the  leveling  screws.  Repeat  until  the 
bubble  remains  in  the  center  when  reversed  over  either  pair  of 
leveling  screws. 

To  test  the  horizontal  wire.  Be  sure  that  the  pin  in  the  Y  clamp 
is  in  the  notch  of  the  telescope  ring  to  keep  the  telescope  from 
rotating;  level  the  machine  and  compare  the  horizontal  wire 
with  any  level  line;  if  the  wire  is  not  level  loosen  the  cross  wire 
ring  and  turn  to  the  correct  position.  Adjust  again  for  cd- 
limation  and  the  level  adjustments  are  complete. 

Dumpy  Level. 

To  make  the  bubble  perpendicular  to  the  axis  of  the  instrumenL 
Level  the  machine  roughly  over  both  sets  of  leveling  screws  and 
carefully  over  one  set;  rotate  on  the  pinion  180°;  if  the  bubble 
stays  in  the  center  the  adjustment  is  correct;  if  not,  correct  } 
the  error  by  means  of  the  bubble  adjusting  nut  and  }  by  the 
leveling  screws,  and  repeat  until  correct. 

To  make  the  horizontal  line  of  collimation  parallel  to  the  letd 
bubble.  Level  the  machine;  drive  a  stake  about  150'  or  200' 
from  the  instrument  and  set  the  level  rod  target  by  the  hori- 
zontal wire;  rotate  the  instrument  180°  and  set  another  stake 
at  the  same  distance  from  the  machine  as  the  first  one;  drive  it 
until  a  rpd  reading  taken  on  it  is  the  same  as  the  reading  on  the 
first  stake.  These  stakes  will  then  be  level  even  though  the 
machine  is  out  of  adjustment.  Then  set  the  level  up  near  one 
of  the  stakes;  level  carefully  and  take  rod  readings  on  both;  if 
these  readings  are  the  same  the  level  is  in  adjustment;  if  not, 
correct  the  position  of  the  horizontal  wire  by  means  of  the  cross 
wire  ring  screws  until  the  readings  on  both  stakes  are  the  same. 

Test  the  horizontal  wire  on  a  level  line  in  the  same  manner  as 
for  the   Y  level. 

Transit. 

Plate  levels.  Level  the  machine  with  each  plate  level  bubble 
parallel  to  one  set  of  leveling  screws;  rotate  on  the  spindle  180**; 
if  the  bubbles  remain  in  the  center  the  adjustment  is  correct; 
if  not,  correct  }  the  error  with  the  bubble  adjusting  screws  and 
J  with  the  leveling  screws.     Repeat  until  correct. 

Line  of  collimation,  ordinary  distances.     Level  the  machine; 

clamp  the  horizontal  motion;  with  the  slow  motion  screw,  set 

the  vertical  cross  wire  on  some  weWde^ncd  point  500  or  600 

feet  away;   transit  the  telescope  and  set  «^  m«.iV.  vVt  %i^TSi<^  ^av 
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tance  in  the  opposite  direction;  then  rotate  the  machine  on 
the  spindle,  set  on  the  first  mark  and  transit  the  telescope;  if 
the  vertical  wire  strikes  the  second  point  the  adjustment  is 
correct;  if  not,  correct  i  the  error  by  means  of  cross  wire  ring 
adjusting  screws  and  repeat  until  correct. 

To  moke  the  standards  the  same  height.  Level  the  machine 
carefully;  set  the  vertical  wire  on  some  well-defined  point  as 
high  as  can  be  seen;  bring  the  telescope  down  and  set  a  point; 
rotate  the  machine  180°;  transit  the  telescope  set  on  the  low 
point  and  raise  the  telescope;  if  the  wire  bisects  the  original 
high  point  the  adjustment  is  correct;  if  not,  correct  }  the  error 
by  means  of  the  standard  adjusting  screw. 

Test  the  vertical  wire  by  means  of  a  plumb  line  to  see  that  it 
is  vertical;  if  not,  loosen  the  cross  hair  ring  and  turn  to  the  correct 
position;   test  again  for  collimation. 

If  the  transit  is  to  be  used  as  a  level  make  the  level  bubble 
parallel  to  the  horizontal  wire  by  the  two-peg  method  in  the  same 
manner  as  described  for  the  Dumpy  level. 

EXPLANATION  OF  CURVE  TABLES  AND  DEVELOPMENT 

OF  CURVE  FORMULAE 

Curves  for  roadwork  need  not  be  as  carefully  worked  out  as 
in  railroad  surveying.  Except  for  long  curves  the  external  is 
usually  measured  and  the  curve  run  in  by  the  eye,  and  for  this 
reason  many  of  the  tables  given  in  the  railway  field  manuals  are 
omitted  and  those  used  are  tabulated  in  a  different  form. 

Table  No.  29,  Radii  of  curves.  The  curve  radii  are  computed 
on  a  basis  of  5,730  feet  as  the  radius  of  a  one-degree  curve  and 
are  inversely  proportional  to  the  degree  of  curva- 
ture; they  are  tabulated  to  the  nearest  o.i'.  The 
usual  columns  showing  logarithm  of  radius,  tangent 
offset  and  middle  ordinate  are  replaced  by  the  de- 
flection angle  per  foot  of  arc,  per  25'  of  arc,  and  per 
50'  of  arc,  which  saves  considerable  time  in  the 
computation  of  deflections.  These  values  are  tab- 
ulated only  for  even  degree,  twenty-minute,  thirty- 
minute,  and  forty-minute  curves,  as  there  is  always 
sufficient  Ji^eway  both  in  the  external  and  tangent 
to  select  ^r^uitable  curve  from  this  list. 

Table  No.  30,  Functions  of  i**  curve.  Column  i 
gives  the  central  angle  A  for  every  10  minutes  from 
o**  to  4**,  every  minute  4**  to  100**,  and  every  10  min- 
utes 100**  to  120°. 

Column  2  gives  the  same  central  angle  as  in  col- 
umn I  expressed  in  decimals  of  a  degree.  This  sim- 
plifies figuring  the  curve  length. 

Columns  3  and  4  give  the  tangent  and  external  for  the  central 
angles  of  column  i  to  the  nearest  o.i'.     By  the  use  of  the  chord 
lengths  recommended  at  the  top  of  eacVv  p^.^s^'t  o\  \.VCv»»  \a^'t  ^^ 
correction  need  be  made  for  tangent  Xetv^VVv  01  ^T^^xxiaX  ^v5\a.\NK.^ 
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of  any  desired  curve,  figured  by  dividing  the  value  given  in  the 
table  by  the  degree  of  curvature  required. 

The  error  that  is  introduced  by  the  use  of  these  chords  is  less 
than  o.i'  per  loo',  which  is  the  allowable  limit  of  error  in  chain- 
ing center  line. 

For  the  convenience  of  readers  not  familiar  with  the  theory  of 
curves  and  the  computation  of  curve  notes,  the  following  brief  dem- 
onstration is  made: 


RADH  OF  CURVES  AND  DEGREE  OF  CURVATURE 

A  one-degree  curve  is  defined  as  a  curve  having  such  a  radius  that 
loo  feet  of  arc  will  subtend  a  one-degree  central  angle. 

There  are  360"  of  central  angle  for  a  complete  circle.  The  circum- 
ference of  a  circle  is  expressed  by  the  formula  2r  R.  Therefore  the 
radius  of  a  one-degree  curve  is  determined  by  the  formulae 


2r  R 
R 


360  X  100 
36000 


36000 


2r  2(3.14159) 


5729.6  feet 


.     .     (1) 


Table  29.    Radii  and  Deflections 
Figured  on  a  basis  of  R  =  5730'  for  a  i**  curve. 


Degree  of 
Curve 

Radius  of 
Curve 

Deflfftion  ' 
per  foot  of 
Arc       ; 

Deflection  per 
as'  of  Arc 

DeOection  per  50' 
of  AfP 

Feet 

Minutes 

Deg. 

Minutes 

Deg. 

MInates 

1    0  40 . . 
0"  50' . 
1^00' ..' 

l''20'   .. 

1°  30'   . 
1°  40'   .  . 
2^00'   . 
2**  20'   . 
2°  30'  .  . 

2**  40'  .  . 

3^00'.. 
/                              1 

1 1 ,460.0 

8.5950 

6,876.0 

•      S»73o.o 

4.297.5 

3,820.0    j 

3»438.o 

2,865.0 

2,455-7 
2,292.0 

2,148.8    1 
1,910.0 

00.15 
00.2 
;    00.25 
'     00.3 
00.4 

00.45 
00.5 
00.6 
00.7 
,     00.75 

1     00.8 
00.9 

1 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

07.5 
10.0 

".5 

IS^ 
20.0 

22.5 
25.0 
30X) 
35.0 
37.5 

40.0 
4S-0 

RADn   AND    DEFLECTIONS 
Table  19.  —  CoMinued 


■a^- 

'^•' 

Dcflutkiii 

^'^otir 

Dcfla 

-^-^ 

F«t 

Minuta 

D.r.  1  Uhiito 

«™u.- 

3'»;.^ 

1,719-0 

01.0 

_   \     _ 

SCO 

3"3o'. 

1,637.1 

01.05         —           — 

Si-S 

3**>'    ■ 

1,561.7 

0 

iS-o 

,•«<.'.. 

"^'■5 

ol.J            —    :       — 

00,0 

4°  10' 

1.3  "-3 

01.3           —           — 

05.0 

4°  30' 

1.373-3 

01.35         —           — 

07.S 

<  *", 

i,j»;.9 

ot.4           —           — 

S'  =o-  . , 

1,146.0 

or.s          —          — 

JS-o 

i>: 

i,o«i.8 

0..6S     1    -          - 

la-S 

6"  00'  , . 

9SSO 

01.8      ■.  —          _ 

30.0 

6-j«; 

881.S 

0..9S        —    '      — 

37-S 

7'qo' 

8iS.fi 

45.0 

.-ao'.. 

764.0 

l\\s  ;  -  '  - 

S'S 

8'oo'.. 

716.3 

OM       '  -    '      - 

00.0 

8"3o' 

674.1 

03-55        —    '      — 

07.S 

g-  00'  . . 

636.6 

0S.7      i    —          — 

1S« 

KK 

603.^ 

0..8S        -          - 

»ii.S 

10°  00'  . . 

S730 

0J.0          —          — 

30.0 

'":'■'',- 

54S-7 

03-15        —          — 

37-5 

11°  00' 

530.9 

03.3       ■  —    1      ~ 

4S-0 

■■■  >°: 

498.3 

03-45      '  —    1      — 

S^-S 

"•"■• 

477.S 

03.6 

458.4 

03-73 

-     - 

07-5 

":«■: 

440.8 

03-9 

— 

IJ-O 

13°  30 

424.4 

04.0s 

M.S 

"  ~ 

4093 

04.1 

30.0 

14-  3"     . 

395-3 

04.35 

37.S 

IS   00 

381.0 

04.S 

~ 

~ 

4S-0 

"s°  30' 

369.6 

04.6s 

— 

_ 

S3.5 

16°  00'  , . 

3SB.I 

04-8 

":  *•; 

347-3 

04-95 

03.8 

07.5 

17°  QO' 

337.0 

05.1 

07.S 

IS.0 

.7' JO'-. 

3'7-4 

OS-'S 

* 

11.3 

as.s 

18°  00'  -  , 

318.3 

oS-4 

1 

«" 

,     *. 

I     Tpa 

\ 

18-  JO'  . . 

3-0.7 

oS-SS 

' 

.«., 

\^ 

\     W-'^ 
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DcOeaiaa 

DcOectioD  per 

■fc- 

Rldluiof 
Cur™ 

DcBcctkait 
jo'olAic 

Minuln 

Drgrw 

Miputa 

19' oo' 

301.6 

OS7 

22.5 

t-i' 

'93.8 
186.5 

36.3 
30.0 

iO°3o| 

Jr9.s 
J  7 1.9 

06.30 

33.7 
375 

11°  jo; 

366.S 

06.43 

41.2 

160,5 

06.6 

4S-0 

\\°%' 

3S4-7 

06.7s 

48.7 

23°  oa; 

J49-t 

06.9 

S'S 

)3°  io- 

243.8 

07.0s 

$6.2 

Voo' 

S38.B 

07. ! 

^■•I  30' 

233.9 

07.35 

03-7 

2s°oo' 

J  39. 2 

07.S 

07.5 

36°  00' 

JJO.4 

07.8 

iS-o 

37°  00' 

08.1 

21.5 

j8''oo' 

204.6 

08.4 

30.0 

Voo' 

197.6 

og.7 

37.5 

30   00 

31°  00' 

191.0 
184.8 

09.3 

4S.O 

52-5 

DtOecticNip 

3=°  00' 

179-1 

36 

33°  00' 

.73.6 

09.9 

X 

34°  00' 

168.5 

4* 

35°  w' 

163.7 

10.S 

~           — 

'" 

45 

36°  00' 

159.2 

10.8 

—           _ 

," 

48 

37°  «' 

1S4-9 

SI 

38°  00' 

150.8 

11.4 

54 

39°  oo' 

146.9 

11.7 

57 

4O°0o' 

143.S 

12.0 

—    1       ~ 

a' 

41°  00' 

136.4 

12.6 

—           — 

a- 

06' 

44°  00' 

i3o.a 

132 

»' 

w' 

46°  00' 

124.6 

13.8 

iff 

48°  00' 

1 19.4 

14.4 

a' 

**! 

SO°oo' 

.14.6 

ISO 

~    ,       — 

t" 

3»' 

5*1  ■»! 

1 10.2 

15.6 

—    1       _ 

»: 

^: 

S4    00 

106. 1 

16.3 

»' 

4» 

Lj^yi 

101.3 

16.8    \  ~  \   — 

I'' 

\^ 
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For  all  practical  puri>oses  the  value  of  5,730  can  be  used. 

In  the  same  manner  a  two-degree  curve  is  one  having  such  a 
radius  that  100  feet  of  arc  will  subtend  two  degrees  of  central 
angle,  and  its  radius  is 

2 
-J  18000 

2V 

or  }  of  the  radius  of  a  one-degree  curve. 
The  radius  of  a  three-degree  curve  will  be  }  of  5,730. 
The  radius  of  a  four-degree  curve  will  be  J  of  5,730. 
The  formula  for  the  radius  of  any  degree  of  curve  is  therefore 


(2) 


The  degree  of  curvature  for  any  specified  radius  is  therefore 
n  =  5»73o 


(3) 


In  general  the  degree  of  curvature  is  expressed  by  the  central 
angle  subtended  by  100  feet  of  arc,  and  the  radius  for  that  degree 
of  cur^'e  is  found  by  dividing  5,730  feet,  the  radius  of  a  one- 
degree  curve,  by  the  degree  of  curve  desired  expressed  in  degrees 
and  decimals  of  a  degree.  That  is,  if  the  radius  of  a  3°  30'  curve 
is  wanted,  divide  5730  by  3.5,  which  equals  163 7.1'.  The  radii 
given  in  Table  No.  29  are  computed  in  this  manner. 

Length  of  curve.  For  a  5**  curve  a  central  angle  of  5°  subtends 
100'  of  arc;  a  central  angle  of  to**,  200'  of  arc;  a  central  angle  of 
12®  30',  250'  of  arc.  That  is,  for  a  specified  central  angle  the 
length  of  any  specified  curve  equals  that  central  angle  expressed 
in  degrees  and  decimals  of  a  degree  divided  by  the  degree  of 
curve  expressed  in  degrees  and  decimals  multiplied  by  100; 
i.e.,  the  length  of  a  10**  15'  curve  for  a  central  angle  of  20°  45'  = 

— 1^-^X  100'  «  202.Vand  is  expressed  by  the  formula 
10.25 


Table  30.     Functions  of  a  One-Degree  Curve  Figured  on  a 
Basis  of  -R  =  5730'  and  Tabulated  to  Tenths  of  Feet 


Use  100'  chords  up  to  8*  Curves 
Use  50'  chords  up  to  16*  Curves 


Use  2S*  chords  up  to  3a'  Curves, 
Use  10'  chords  above  32*  Cur\''es 
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JO.  J     7»j.j : 
J0.8     :**■)  i 


■1  '    T1-' 
.9  .    }1S.S 


US  I  I 


jjio  !  jjii  1 


it;^  Sill 


/A'.; 


'  mJ 

111 

ro*i 

i  S:i  ■ 

JSJl 

S! 

T4«^ 

JU 

ffi 

:^^1 

.N'feA'S 
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00'  Chofds  up  to  8* 
D^  Choffds  up  to  16* 


Curves 
Conres 


Use  25'  Chords  up  to  3a*  Curves 
Use  10*  Chords  apove  3  a*  Curves 

!  x8«  I!  lo* 


x6* 


Ext. 


805.3 
806.2 
807.0 
807.8 
808.6 


832.3 

823-1 
824.0 
824.8 
825.7 


835.1 
8359 
836.8 
837.6 
838.5 


856.4 
857.2 
858.x 
858.9 

8598 , 

860.6 

861.5 

862.3! 

863.2 

864.0, 

864.9 

865.7 
866.6 

867.4 
868.3, 

869.x 
870.0 
870.8 
871.7  i 
872.5  , 

873.4 
874.2  . 

875.1 
875.9 
876.8 

877.6 ' 
878.5  1 

879-3  I 
880.2, 
881.0  j 

881.9 1 
882.7 ; 
883.6 1 

884.5  ; 

885.3: 

886.2 
887.0 

887.9 
888.7 
889.6 

890.4 

891.3 
892.2 
893.0 

893.9 

894.7 
895.6 
896.4 
897.3 
898.1 

899.0 
8998 
900.7 
901.5 
902.4 


Ext.       Tan.       Ext.       Tan.    ,   Ext.       Tan 


924.6 

925s 
926.3 

927.2 
928.x 

928.9 
929.8 
930.6 
931.5 
932.3 


s 


II 


958.9 
959.7 
960.6 

961.4 
962.3 

963.2 
964.0 
964.9 

9657 
966.6 

967.4 
968.3 
969.2 
970.0 

970.9 
971.7 

972.6  : 
973.4 
974.3 
9751 

976.0 
976.9 
977-7 
978.6 

979«4 

980.3 
98X.2 
982.0 
982.9 
983.7 

984.6  '30 

985-4  1131 
986.3  il32 

987.2  I33 
988.0  34 

988.9  1 35 

989.7  36 
990.6  37 
99i.Sl;38 
992.3,139 


o 

X 

a 
3 

4 

I 

7 
8 

9 
xo 

IX 
X2 
13 
14 

15 

x6 

17 
18 

19 

ao 

ax 
aa 
23 
24 

a6 

27 
a8 
39 


993.2 
994.0 

994.9 
995-8 
996.6 

997.5 
998.3 
999.2 

lOOO.O 

1000.9 


IOOX.8 
1002.6 
1003.5 

1004.3 
1005.3 

\\ccfc.t»\__ 


40 
41 
42 
43 
44 

45 
46 
47 
48 
49 


50 
51 
52 
53 
54 


Uh  io 

'  Chord. iiptel 

ClUYO 

Uhi 

■CKord.uptoSl* 

U«so 

Cwva    U«i 

■Choidiiboveai* 

T 

■^E 

„■           ll           »• 

M*               1 

1 

^«* 

Ett, 

T.B. 

E.I- 

T.D. 

Ett. 

Tui. 

E(t 

aood 

"sTT 

■  D10,4 

<U.6 

,o6,.o 

^ZT' 

1113-S 

^ 

J16; 

8s!s 

89,7 

106J.7 

11  US 

:^!» 

88.1 

1064.5 

II 16.4 

"1 

.0MI7 

89,6 

10.J.8 

106i.4 

118 

I 

to.. 

iiigi 

S 

loM.j 

log:. 

Il.flis 

lis 

I 

U.i 

iai 

IJOO 

89.7 

JoUli 

io6b-7 

to».7 

8«.o 

.o»,0 

:>»« 

"ISi?! 

loj.g 

',1 

:i.67 

00^  i 

SS:^ 

IotII 

iS 

!!Jti 

\\t 

».8 

119. 

IS 

.i!oo 

90,5 

I974  11 

100.7 

tlrt-7 

t6 

.1M7 

00! 

lOM-I  ■ 

107  J-S 

ii 

■2iSi 

eog 

Elf 

™;J 

.D76.6 

!™! 

1.J8-S 

\». 

JX 

01!. 

IM7.6' 

lea'-s 

lOTO.J 

"11 

!!»"! 

110. 

11 

;IS 

o!:J 

1"? 

I080.I 
.081.0 

1 10!  J 

"Vil 

"I: 

u 

.38JJ 

910 

loj?:o 

Ioi!l 

Joai:, 

Ilri 

'lu-l 

;«: 

11 

'1 

.416; 

OJ.l 

iS'; 

"!;? 

3;] 

;":« 

"J7.1 

"I: 

iS 

.4«I 

oii 

io8«,i 

1IJB.O 

JO 

.48J] 

(OOO 

OJ.B 

io]6.i 

™' 

10S7.0 

"jj 

iijS.S 

ill. 

Jl 

.5.67 

■  J50O 

«"" 

iilji 

;«i 

iSi 

iiH 

.140:6 

"i. 

JJ 

W7 

IOJfl.6 

KW0.4 

IOBI-3 

lilt 

11440 

iij. 

3* 

17 

.6000 

.6ifi; 

WO 

loi:i 

looti 

i!j1 

;:tt? 

JH 

«JJJ 

>»).:s 

■  rj[6 

"46-7 

.6j« 

.=3:8 

log  J  ,6 

41 

.666t 
-68m 

.7167 

9* -9 

.a,4.S 

St 

loiii 

1006.5 

m1! 

iiiH 

i^: 

lojl      llOOfl 

lU^J 

S 

:;s? 

s 

lOjq.O 

!m' 

1100.8 

11J.8 

J  J-"' 

I.S- 

4; 

-7SJJ 

a 

,!o» 

¥> 

.8167 

.,iii 

»6: 

.ajw 

96.D 

JOS  .6 

,8s» 

96.1 

;i|!i:;iJ3 

116: 

.S«7 

d6.j 

lOS.'q 

1.06.0 

.B8h 

tXi.! 

loO.i 

1 107.8 

ii«: 

/ 

l)«-7 

.o5<i:b 

lInB.fi 

"Ijlilfcie 

i«. 

uhtit^'i 

fltfS 

ioa.4 

l.<«4 

,  iit.iVwfctA 

I05S-A  , 

W  «6.l\iitn.ift  i«i 

I^  :Sm 

W   ' 

ll6a\"\V 

\v^\«\v 

•vf-o^ul! 

•"■' 

^■■i 

ioj'.o\im 

,»\  „-,.,\«w*\- 

TUNCTIONS  OF  THE  ONE-DEGREE    CURVE 

■S'  Cbonb  up  to  ji*  Currt* 
(/  Outdi  above  ii'  Corva 


■1 

>3' 

j6' 

_!'• 

1 

iS 

E.t. 

Tu. 

£■1. 

£i(.        Tu. 

T«. 

ooo 

ijSa 

I)lS.o 

"■mT 

>i;og 

.S0.7     i3ii.g 

,6,j 

1)7)6 

0 

iii:^ 

ul" 

JJS1 

\V,\'X 

iji.i     1314-6 

;?ii 

■376.S 

\ 

S«J 

.>8.i 

.]0.? 

11714 

.63.) 

uJiiJ 

118.7 

ISM.8 

i3ib-« 

1637 

137B.» 

.rf.. 

!"'1 

UO.I 

i«*.6 

1114 

S:i 

ai 

13B0.0 
.38",7 

i 

!ws 

1114.0 

iS 

iiiS 

13190 

las 

I 

140.A 

..78J 

164.7 

13BJ.6 

Mt 

injj 

.>j*.i 

1J3I.6 

.64.0 

I3B4.S 

5jl 

i6j.. 

138),) 

™ 

iiis'~i 

■  iSois 

■6J.3 

1386,1 

1)34-3 

.65.) 

.387,. 

ijo!* 

HJllJ 

.41^ 

!Jb;:s 

163.7 

138BA 

14 

118]  .4 

1)3,7 

1336.0 

16)^1 

ijaB,g 

»T 

.184.3 

.336.0 

.66-1 

.385.8 

16 

'i] 

;*;■■ 

iijjifi 

I«;s 

I7BJ.1 

"1:1 

;|l 

166.3 

.66,5 

13(»,6 

:j 

i*? 

■  iWig 

1S4-S 

166.7 

.g 

IM 

■ji.j 

:jsi 

t4>.« 

iiB;.S 
11B8.7 

isIb 

ijjti 

16  J  J. 
167.1 

iJS* 

;o 

i 

vi". 

:;s^ 

"j1 

IlBg.6 

jyj 

ImU 

!!;i 

uoi.g 

'3 

I3M 

"ja^i 

tJils 

.67.8 

ryfil 

'»? 

IM4-8 

'SS^ 

13OT-7 

»S 

Mii 

■ub:^ 

.68,1 

.398.6 

)6 

S  '  :l5:; 

IJJJ 

iiil 

'± 

U46.5 
J)47.4 

!6S6 

1300,4 

•i 

Sj;  .'d.2 

.i6.S 

I68,a 

1401.1 

>• 

1!««.6 

isfl.r 

i6«,i 

1401.1 

10 

nss 

Msi' 

31 

.J6,Q 

"fi^o 

'^■' 

IS1 

j; 

«»       I)4JI 

1146.T 

DJI.S 

169,7 

1404.7 

Ml      .«.. 

I'AlA 

>4i:6 

.b«4 

.4OJ.9 

3* 

»"       W.4 

lUi-A 

14^.8 

1300.0 

USJ.6 

ITO,I 

I40t.) 

^1 

146.0 

1 301 .8 

■407,4 

36 

■sr]  J":* 

146.' 

.;a;i 

nsss 

.70,* 

.4o8j 

37 

I]«4 

1S8.J 

..ts6.> 

.70,8 

1400.1 

38 

J^l  !"1 

"Jl-fl 

lioij 

1304-1 

•J8.S 

30 

WJ       MS  J 

I15>B 

146.8 

ijS-J 

■  JSB-o 

14104 

40I 

>aj|    usi 

lio*:. 

.ja.g 

.41I,B    41 

■«j'  \l'i 

\\\*-\ 

JJ5;J 

1307.1 

.360.6 

.71,6 

nta 

iiiil  ii 

iJi  1    Ufi.l 

IlSfiij 

1^1 

.36..S 

•e     tie.i 

147-B 

1. 00.  J 

•361-4 

.71.1 

Si  i 

67 

IlO.S 

ijssii 

l.,g.O 

.JT0.6 

t6da 

.363,3 

Jl 

.J6.J 

.1J8.0 

.48.1 

■)64.i 

siK  a 

Iito-B 

148.4 

1365.1 

s? 

iKSo.? 

.,8.6 

ij>j:i 

136J* 

141B4  49 1 

I48.H 

.366,8 

14iq,S  ■  so 

^  ■   ij?1 

.367.7 

14W.7     SI 

J":° 

.368.6 

1(11,6     il 

13       I  IT '8 

,.,.6.7 

161.4 

.360.S 

•w  ,    liS.o 

iiSsio 

MB-J 

IJI7.6 

161.6 

11  'J«fl  / 

150.  r 

.31B.5 
JJltlj 

t6i,B 
i6ia 

■61. 

FUXCTIONS  OF  THE   ONE-DEGREE   CURVE 


loe'  Chord 

UDlot 

Curve* 

Use 

»%'  Chord!  ub  \a 
■o-  Cbofd.  »6ov 

Ji'Cu 

ia-  Cbonb  upto  16 

CUIVB 

Ji-cWa 

1 

3." 

J. 

1 

s 

E.t. 

Tui, 

Eit. 

Tm. 

Ett. 

Tui. 

Ert- 

Tm. 

»        IJUfl 

>««.i 

146.1 

1697,3 

161 .8 

1731-8 

158. 

"^ZIT 

~ 

l«144) 

346.J 

>6gl.. 

178:4 

■807:6 

iftM^e 

>46.i 

1699.1 

161.3 

118.6 

180S.S 

00 

MI.6 

'k\% 

146.8 

IJOOJ. 

161.6 

17S4.6 

178.9 

■809.4 

a 

13l!l 

j.tai, 

WJ. 

ijoi.8 

rf3.^ 

lJSe-4 

17o"4 

■81. -1 1  J 

I6l8.s 

i;oi.j 

)6j.4 

■  737-3 

■Sll..  ,    6 

67 

131.6 

.6494 

.JOJ.6 

16J.7 

■7J8-1 

.80.0     .8,].,       i 

MIO 

IftSO.J 

164-0  '  17S9.^ 

.80.3     18MO,     8 

i6si-l 

148.4 

l64.>     I76CO 

lg.4.9'     9 

*7 

I":6 

.6jj,. 

16s  J.O  . 

i6sj-g 

>4fl." 

1706.4 

164.J      1761-0 

161.7    i;6i.o 

j6i.o     ,761^ 

180.8 

Si  i: 

U  i    '"'4 

16JS.7 

14«'t 

!in:i 

Si 

1763.7 
.764.6 

ii 

isi8:6  {3 

ISIB-S'   14 

.»  !   iJl-6 

.6s6-6 

>409 

17'Ofl 

16J-9 

176(.J 

.8».4     IS 

SliiH 

SI 

ISO.S 

1711.8 

166,1 
166.4 

■  766^ 

tA 

■  811.3     16 

>«JQ-}, 

•50J 

1713.6 

166.7 

IJwi 

183.0 

■8ij:i  is 

67 

IJi.» 

.«o.. 

•66.B 

.769.1 

.83.3 

■814.1     IB 

IJS.0 

<««I.I 

ii 

16J.1 

1770.1 

183.6 

■  813.0    » 

.i6,. 

iMi^o 

SI 

167J 

.83.9 

■67 

.36.4 

S3 

184.. 

l8i6:8  1  "i 

,jt.6 

168.0     1771-8 

.S4.4 

181T.J     .3 

67 

Ii»-0 

1664-7 

.]>.6 

1710.D 

168.  J     1773.7 
168-6     1T74.6 

.84.7 
.8J.O 
iSj.j 

1818.7     14 

i8io.e  >< 

1830.3     .6 

1711^ 

l69.r  ;  !n6.1 

=83.6 

18J..4     >7 

^J 

.6681 

'M.4 

169.3     1777-4 

183.9 

133..3  I  iS 

«8-i 

■660.. 

.M.6 

.69.6 

17Jg.3 

.86.1 

■  833-.    .B 

«M 

1714-6 

169.0 

:?i^; 

.86.4 

1«34-1   ,30 

<T 

1J8.7 

i6ji,o 

■  T>Si 

.86.7 

■  835.1     Jl 

1671.0 

17)6.4 

.87.0 

i8j6ji     3> 

ijg-' 

.6j.i 

■  836,9    M 

■*7 

167J.7 , 
1674-6 

!"* 

■mi 

!"^ 

17SJ.0 
.783.8 

Ja?:I 
.87.8 

1837.8     M 
183S.7     33 

14M 

i6ji.I 

.784.7 

>8j«.7  ,i6 

■67 

l6J6^ 

JUi 

■730.9 

171:7  ■78S.6 

.88:4 

1840.6     17 

140.J 

.67:  .< 

I71I-B 

171.0     17S6-I 

.88.7 

•  841.1     38 

;^ 

167B.3  [ 

.JS., 

17.-3  ,  .787^ 

.g9J> 

1841.4     39 

*7 

.6Hl-» 

.i6.S 

17..6 

.788.4 

.89.. 

1843.4     40 

1680.1 

.S6.8 

.789J 

>8o.S 

l84t-3     4. 

I71S.S 

.89.8 

1843.1     4> 

A] 

\"A 

I681I' 

iii:i 

■  )J6.4 

"i! 

ImS:; 

.90.4 

.8«6.1     43 

1847,1      44 

«...     .Mj.7 

>JT.8 

I7jS.* 

1848.0  J  43 

*7 

■6S,.6 

>]8.i 

1848.0     46 

» 

I4».7 

a:; 

158.1 

>,8.fi 

17400 

17«.J  1  17*1.8 

.91.. 

1849-8     47 
18JO.7      48 

:«r 

HJ.l 

■687.3 

.J8.g 

uii's 

175^0     1796;6 

l8si.ll     49 

lu  1   '*ss 

16S8.)' 

1831.6     9> 

M»  '    )4J.8 

.68«.> 

175!6 

iloSlj 

"ij:,* 

■8^3.5  iH 

i*7.     "«-> 

lAoO.D. 

1741.6 

■91.6 

181.4  II 

Ijj!     »M-1 

■600.9 

ISO.q 

180a  1 

1833.3     35 

KB       lU-i 

■e<n.s 

160.I 

le^.^U 

^     ,us 

l6<».7 

t6B.< 

i;6,7  \  itoi.i 

%E* 

SS       '*ll 

/fc».7 

>748:i 

?// 

*"  J  ■ 

Sw-il  ; 

J61-O 

.77-1 

itoj-. 

i\\  «!? 

/;/  ,-|;: 


*^'*\    ' 
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1  loe'  diard*  Ub  to 

'C»rm 

v." 

u:^££:e 

U'Ciu 

■ve. 

:io'Q»«bupW. 

■Cnfva 

Uk 

eji-CuivB 

7 

40- 

^'• 

43- 

J 

1 

1^ 

T.B. 

Ert. 

Tin. 

S.L 

Tui. 

En.   1  TuL 

OB 

J6?.J 

«Sjs 

S! 

JUJ.J 

S:; 

.ivo.) 

":;87!^ 

36SA 

leU.! 

.100.4 

4.9* ;  Jii8.o 

iM^ 

«1«7.4 

JlM-l 

408.3 

4'9-J 

J6S.T 

I0U.3 

jM.S 

mi-i 

408.7       .M.-J 

6» 

jes-i 

aoSfl-J 

issi 

.146-1 

40fl,0 

3«9-4 

]3«.i 

1104.3 

430.4 

1161,9 

s 

St 

s^ 

SH 

s 

1148.4 

*O0.J 
41 0.1 

4111.4 

1107.1 

431.4 

:£:8 

1.64,8 

6 

J0940 

4I0.J 

giog.i 

431. a 

.rfS,7 

«i 

SI'S 

w-I 

;;i;i 

*"'l 

i»i«.i 

"11 

..66,7 

I! 

JJ1.6 

«(*.0 

411.8 

tT 

jjj.o  1  xm.g 

351,8 

433.1 

»W6 

«..3  1  .=«*.s 

»J.I 

37».S  ,  »O09-7 

jes-« 

"1" 

•.I 

It 

JM» 

n^e 

Hils 

S"1 

iiei.6 

'."bl 

434-0 

]l 

*T 

3*4-3 

j  w.J 

1161.4 

Im8 

.1.8,7 

43S6 

j.j6^ 

.0 

314-6 

1I6..3 

436.0 

a.77.3 

1106.3 

.■6J-J 

436-3 

1.78.3 

;; 

37(A 

"s: 

Msil 

»64.1 
Jl6j.. 

ill; 

»«1 

436.7 

IV£:', 

'+ 

u 

)7S-9 

net.  I 

MS-8 

..66.1 

■"Si 

S?1 

1.81.1 

37e.> 

M6.1 

416.6 

3T6-6 

3t)6,s 

il6s!o 

418.1 

iiSj.. 

'A 

b 

3764 

^.i 

1I69.0 

417^3     >"A-4 

43B.i 

1.84-. 

»7.» 

»6<|.« 

417.7  1  •>>7.J 

4J8,B 

1.83.0 

»7.1 

41S.0     ..18.3 

Kills 

»7.B 

»7i:8 

418.4     If)«.. 

439.6     »«)« 

3)B!j 

JIIjJ 

S«B.> 

.17.-8 

4.8,7     "30.. 

439-9     .988,0 

» 

!!l:i 

IM6.7 

id.1 

j;s:: »!" 

440,3  1  l.M,0 

440.6  1  iiii^ 

« 

JI1B.S 

]«».> 

.>7|.S 

441.0 '..00.8 

'I 

■ 

II  19.6 

3WS 

400.J 

1176.6 

"U'-l 

4»!8     JIl6!o 

S'liJ 

36 

.3 

]8a.S 

Si 

SUM 

"sT' 

411.1    iij6-e 

441.S  ,  "94-7 

ir 

3S1J 

4<»l3 

443-s    »"«;■: 

3<<-B 

,1.6,) 

"«3-3 

I..:*      H40.7 

443* 

i.«a,o 

43 

3*... 

..84.3 

444-1 

»tt«,6 

» 

jtJi 

JI.B.1 

40i.a 

"sal^ 

iSiS 

444-6 

1300,3 

1301,5 

s 

i<J< 

4  03  .J 

.1871 

414.0 '  U44.6 
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r  V.  A  central  angle 

D     Degree  of  curvature 


X  loo. 


For  the  convenience  of  the  field  engineer  column  i.  Table  u^ 
gives  the  central  angle  (A)  in  degrees  and  minutes  (as  read  by 
the  transit);  column  2  gives  the  same  angle  expressed  in  degrees 
and  decimals  for  figuring  curve  lengths. 

£xtemaf', 
^  RC.  \  PI 

■-■^^ x 


CenterofCurve 
Fig.  52 

Tangent  length  and  externals. 
Sketch  No.  52  shows  a  general  curve  problem.     The  deflection 
angle  between  the  tangents  at  the  point  of  intersection  (P.I.)  — 
the  central  angle  of  the  curve  that  will  fit  these  tangents;  it  is 
referred  to  as  A. 

The  tangent  distances  equal  the  distance  from  the  P.  C,  (be- 
ginning of  curve)  to  the  P.  I.  or  P.  I.  to  P.  T.  (end  of  curve)  and  is 
expressed  by  the  formula 

T  =  Radius  X  tangent  of  —  (4) 

Therefore,  for  a  given  central  angle  A,  the  tangent  length  is 
directly  proportional  to  the  radius.  If  the  tangent  lengths  of  a 
I**  curve  for  different  A's  are  tabulated,  the  tangent  length  for 
any  desired  degree  of  curve  equals  tangent  length  for  i  curve 
for  the  specified  A  divided  by  the  degree  of  the  desired  curve 
expressed  in  degrees  and  decimals  of  a  degree. 

Expressed  as  a  formula  this  reads: 

^          .  f     J    •    J               Tangent  1°  curve  for  specified  A  (5) 
Tangent  for  desired  curve  = ^^ — ^ 

and  reversing  the  formula  we  can  determine  the  desired  degree 
of  curve  for  a  specified  tangent  length  by  the  formula 

__  Tangent  1°  curve  for  specified  A  (6) 

Specified  tangent  length  desired. 
The  external  is  the  distance  from  the  P,  I.  to  the  curve  arc  on 
the  line  between  the  P.  /.  and  the  center  of  the  curve.     It  is 
determined  by  the  formula: 

(7) 

Ext  «  - — -. 7'—  Radius  ■»  Radius! -7; — ; r-— i  land  is  directly 

Cosine  A  \Cosmt  ^      I 

r  * 
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tkinmi  to  tbe  ndius  in  the  Mme  manner  as  tbe  tangent 
.  thetefote,  the  external  of  any  desired  curve  for  a  specified 
lis  tbc  external  of  a  1°  curve  for  that  A  divided  by  tbe 
of  curvature. 


-flttDisfaiicts  along  Hit  An 


FiC.  S4 

ressed  as  a  formula  this  reads: 
rriuU  /or  desired  curve  •• ^— 
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and  reversing,  as  for  tangents,  the  desired  degree  of  curvature  ii 

obtained  that  gives  a  specified  external  distance,  by  the  formuk, 

_  Ext.  I**  curve  for  specified  A  (9) 

Specified  Ext.  distance  desired. 

Methods  of  running  curves.  Curves  are  run  in  the  field  by 
tangent  offsets,  middle  ordinates  or  deflection  angles.  Deflec- 
tion angles  is  the  simplest  method  and  is  almost  universally 
used.  It  is  based  on  the  principle  that  the  angle  S  between  the 
tangent  and  arc  chord,  pne  end  of  which  is  at  the  point  of  tangency, 
is  equal  to  i  the  central  angle  subtended  by  that  chord.  Sup- 
pose the  angle  A  is  4°  and  the  arc  length  5r  =  100  feet.  This 
curve  would  then  be  a  4°  curve.  From  the  previous  definitioiis 
locate  the  point  T  (Fig.  53)  by  turning  the  deflection  angle 
5=2**  from  the  tangent  and  measuring  100  feet  of  arc  in 
such  a  position  that  the  end  of  the  arc  would  be  on  the  line  of 
the  chord  S  T.  It  is  impossible  to  conveniently  measure  the  arc 
distance  and  for  all  practical  purposes  a  chord  length  of  100' 
will  answer  for  a  4**  curve  (see  discussion,  page  173). 

Suppose  we  wish  to  locate  the  points  2,  3,  4,  5,  and  6  on  the 
4**  curve  from  point  i  or  the  P.  C.  of  a  curve  (Fig.  54). 

Set  the  transit  at  the  P.  C;  if  we  turn  a  deflection—  =  2**  from 

2 

the  tangent  xy  the  line  of  sight  will  pass  through  the  point  2; 

if  we  turn  --  =  4**  the  line  of  sight  will  pass  through  point  3;  6", 

point  4,  etc. ;  it  only  remains  to  measure  to  these  points  to  locate 
them  definitely.  This  can  be  done  in  two  ways,  by  measuring 
the  distances  1-2,  1-3,  1-4,  1-5,  etc.,  or  by  measuring  1-2,  2-3, 
3-4,  4-5,  etc.  • 

In  the  first  case  the  difference  between  the  length  of  arc  and 
the  chord  length  becomes  so  great  that,  unless  a  correction  is 
made,  the  points  are  not  exactly  located;  that  is,  the  length  of 
arc  between  points  i,  2,  3,  4,  5,  6,  =  500'  while  the  chord  length 
1-6  =  497.5';  also,  it  takes  longer  to  measure  the  distances  1-2, 
1-3,  1-4,  i-S»  1-6,  etc.,  than  it  would  1-2,  2-3,  3-4,  4-5,  etc. 

In  the  second  method  we  can  use  chords  of  100'  from  1-2, 
2-3,  etc.,  with  no  appreciable  error,  as  the  distance  measured  by 
chords  I,  2,  3,  4,  5,  6,  =  499-94'. 

Therefore,  the  method  usually  adopted  is  to  turn  the  deflection 

angle  —  and  measure  the  chord  1-2,  which  locates  the  point  2; 

2  B 

then  turn  the  deflection  angle  —  and  measure  the  chord  distance 

2 

2-3,  locating  point  3,  etc. 

The  fact  has  been  mentioned  that  the  use  of  the  chord  distance 

as  equal  to  the  arc  introduces  an  error  but  that  this  error  is  of 

no  importance  for  a  4**  curve:  As  the  degree  of  curvature  increases, 

the  difference  between  an  arc  length  of  100'  and  the  chord  length 

becomes  greater,  and  it  is  necessary  Vo  dcV^tiCLvafi  tJhe  limit  of 

curvature  that  will  allow  the  use  ol  100'  c\iot^'&Va.VKa.>2a%c«r«^ 


TO   DETERMINE    CURVATURE 


173 


^omts.  On  page  118  the  statement  is  made  that  center  line  chain- 
ing should  be  correct  to  within  o.i'  per  100'  of  length,  which  allows 
I  difference  in  arc  and  chord  of  o.i'  This  occurs  when  the 
iegree  of  curvature  reaches  9®  per  100'.  The  difference  can  then 
t>e  reduced  by  the  simple  expedient  of  using  50'  chords,  which 
reduces  the  error  for  this  degree  of  curvature  from  0.10'  per 
100'. of  length  using  100'  chords  to  0.02'  using  50'  chords;  50' 
chords  can  be  used  up  to  18^  curves  and  beyond  that  point  25' 
chords. 

It  is  better  not  to  use  the  full  limit  of  allowable  error,  and  a  good 
working  rule  is  100'  chords  up  to  8**  curves,  50'  chords  up  to 
i6*  curves,  25'  chords  to  32®  and  beyond  that  10'  chords. 

For  any  given  curve  the  deflection  angle  and  central  angle 
are  directly  proportional  to  the  length  of  the  arc,  and  if  the  de- 
flection angle  for  100'  arc  of  10®  curve  equals  5    the  deflection 

e°  ^00' 

angle    for  one   foot  of   arc    of  10®   curve    equals-^—  =  - —  = 

100      100 

3  minutes. 

An  example  of  a  typical  simple  curve  problem  can  now  be 

given: 


Fig.  sS 

To  determine  the  degree  of  curvature  desired  from  a  fixed  external 

distance 

At  station  23  +  42.6  we  have  a  deflection  angle  of  25**  10'  be- 
tween tangents  i4^  and  B'C;  suppose  upon  examining  the  ground 
it  is  decided  that  to  fit  the  old  roadbed  and  give  good  alignment 
the  curve  should  be  located  somewhere  between  13.5'  and  14.5' 
to  the  right  of  the  transit  point  at  station  23  +  42.6.  Proceed 
as  follows:  from  table  30  pick  out  the  external  for  a  1°  curve 
for  A  =  25®  10',  this  equals  141.0'. 

The  problem  is  to  determine  the  degree  of  curvature  that  will 
give  an  external  of  between  13.3'  and  14.5'.     Use  formula  (9). 
_       Ext.  I**  curve  for  25**  10'      141.0' 


13.S' 
Ext.  1®  curve  for  25 


*»  10' 


141. o 


=  10.44    curve. 


=  ^-Tl     CMIN^. 
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To  £t  the  conditions  some  curve  must  be  se\fecX.e^  \>tVwt«^  ^ 
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10.44^  and  a  9.72^.     A  10°  curve  would  be  naturally  selected  as 

being  the  simplest  to  figure. 

To  determine  the  required  degree  of  curvature  for  a  fixed  tangent 

length 

Take  the  same  problem  as  above  except  there  must  be  a  tangent 

length  of  between  127'  and  129'.     Use  formula  (6). 

_       Tangent  i**  curve  for  25**  10'        1 279.1'  ^ 

D  = } '  = J—  =  10.07    curve. 

127  127 

_       Tangent  i**  curve  for  25**  10        1279. i'  ^ 

D  = — -; =  ,     =  9.91    cur\'e. 

129  129 

Table  No.  30  gives  tangent  for  25®  10'  =  1 279.1'. 

These  limiting  values  would  result  in  the  selection  of  a  10* 
curve.  The  degree  of  the  desired  curve  is  usually  selected  in  one 
of  these  two  ways;  ordinarily  it  is  determined  by  the  external 
distance. 


PC.'Sfa.22^M,7 


n'Sra.23i^.6 


A '25*10' 

D'  I0*R»S73.0 

7 '-127.91^251.7 

P.C.'Sta.2Z-hl4.7 

P.T^Sta.24t66i4 


Fig.  56 

Simple  Carre  Problem.    Case  i. 

To  compute  the  notes  for  a  10**  curve  for  a  deflection  angle  of 
25**  10'  between  tangents  at  station  23  -f  42.6. 
Central  angle  =  25°  10'. 
Table  No.  30  gives  the  tangent  1°  cur\'e  for  25*^  10'  «  1 279.1. 

1 2  "O  I 

Tangent  10**  curve  = — '—^  —  127.91 

The  station  of  the  P.C.  then  equals  station  23  +  42.6  P.L 
minus  127.9'  «  station  22  +  14.7. 


The  length  of  curve 


25.16667 


X  100'=  251.7  feet. 


D  10** 

The  station  of  the  P.  T.  (Tangent  point,  or  end  of  the  curve) 
as  measured  around  the  arc  is  then  station  (22  -|-  14.7  P.C.)  -f 
251.7'  =  station  24  -f  66.4. 

The  rule  for  running  curves  requires  the  use  of  50'  chords  for 
a  10"  curve.     We  must,  therefore,  figure  the  deflections  for  the 
even  stations  and  the  50'  stations  as  follows: 
Station  22  -j-  50,   23  -f  00,   23  +  50,   24  +  00,   24  +  5©.  and 
to  check  the  curve  station  24  -f  66.4. 
I^or  a  lo*"  curve.  Table  No.  ag. 
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The  deflection  for  100'  of  arc  =  5' 


« 

(( 

(t 

so'"   " 

=    2«  30' 

« 

tt 

(( 

jf   n     n 

«  o*>  03' 

The  distance  from  the  P.C.  station  22  +  14.7  to  station 
»2  -h  50  is  35.3';  the  deflection  per  foot  =  o**  03',  for 
J5-3'  =  35-3  X  o**  03'  =  105.9  minutes  =  i**  46'. 

The  distance  P.C.  to  station  23+00  equals  85.3',  or  50' 
farther  than  for  station  22  +  50;  the  deflection  per  50'  of  arc 
equals  2**  30';  therefore,  the  deflection  for  station  23+00  equals 
the  deflections  for  station  22  +  50  (i**  46')  plus  2**  30',  the  de- 
lection  for  50'  of  arc  or  4**  16';  in  a  like  manner  the  deflection 
for  station  23  +  50  is  6®  46';  for  24  +  00,  9**  16';  for  24  +  50, 
II**  46';  the  distance  from  station  24  +  50  to  the  P.T.  station 
24  +  66.4  is  16.4';  the  deflection  for  16.4'  equals  16.4  X 
D*  03'  =  49-2';  the  deflection  for  station  24  +  66.4  is,  therefore, 
(11**  46'  +49')  =  12®  35';  if  the  deflection  notes  have  been 
properly  figured  this  last  deflection  to  the  P.T.  should  always 
be  }  the  central  anele  of  the  curve;  in  this  case  J  of  25°  10', 
which  equals  12®  35  ,  checking  the  notes. 

To  run  the  curve.  Set  up  the  transit  at  the  P. I.;  sight  along 
the  tangent  (B.A.)^  measure  off  the  distance  127.9  (tangent 
length)  along  this  line  and  set  the  P.  C.  exactly  on  the  line.  In 
a  like  manner  set  the  P.T.  on  the  forward  tangent  (B'.C.) 
127-9'  from  the  P.I.  Then  set  up  the  transit  on  the  P.C.  and 
with  the  vernier  at  o**  00'  sight  on  the  P. I.,  using  the  lower  plate 
motion.  Loosen  the  upper  motion  and  deflect  1**  46';  measure 
along  this  line  35.3',  which  locates  station  22  +  50  on  the  curve 
irc;  then  loosen  the  upper  motion  and  set  the  vernier  to  read 
4®  16';  measure  50'  from  the  just  located  station  22  +  50,  so  that 
the  forward  end  of  the  tape  is  in  line  with  the  transit  deflection 
of  4**  16';  this  locates  station  23  +  00  on  the  curve  arc.  In  a  like 
manner  deflect  6**  46'  and  measure  forward  50'  from  station 
23  +  00  to  station  23  +  50,  etc.,  until  the  P.T.  is  reached.  If 
the  curve  has  been  correctly  run  the  last  deflection  of  12°  35' 
will  strike  the  previously  located  P.  T.  and  the  distance  from 
station  24  +  50  to  this  P.T.  will  be  16.4';  if  the  distance  checks 
within  0.2'  it  is  sufficiently  close. 

The  above  problem  and  method  of  laying  out  a  curve  is  the 
simplest  form  encountered;  in  it  we  assume  that  the  P. I.,  P.T. 
and  all  intermediate  points  on  the  curve  are  visible  from  the 
P.C.  and  that  the  P.I.  is  accessible. 

In  nine  cases  out  of  ten  this  method  is  applicable  to  road 
curves,  but  where  the  P.I.  occurs  outside  of  the  road  fences  it 
lometimes  is  located  in  a  stream,  p>ond,  building,  etc.,  and  cannot 
be  occupied.  This  is  known  as  the  problem  of  the  inaccessible 
P.I.  More  often  it  is  imp>ossibIe  to  see  the  P.T.,  or  some  inter- 
mediate point  on  the  curve  from  the  P.C,  which  necessitates 
interniediate  transit  points  on  the  curve.  The  ^lobVtuv  o\  vwa.^- 
ressible  P.Cs  or  P.T.s  is  so  rare  it  will  not  \>e  vum?.V.i«A.^^. 
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Problem  of  the  Inaccessible  P.  I.    Csse  a. 

The  point  H  (P.I-)  cannot  be  occupied.  Locate  any  two 
convenient  points,  5  and  t  on  the  tangents  A.B,  and  B'.C.  and 
measure  the  distance  st  equals,  say,  110.5'. 

Set  the  transit  at  5  and  measure  the  angle  between  the  line 
A.S,  produced  and  sty  say,  5**  10';  in  a  similar  manner  measure  the 
angle  at  t  between  st  produced  and  the  forward  tangent  /C, 
say,  20**  00'.  The  total  deflection  then  between  the  tangent 
AsB  and  B'tC  or  the  central  angle  of  the  curve  to  be  run  is 
the  sum  of  these  two  deflections,  angles  (5®  10')  +  (20®  ooO  = 

25"  10'. 
Assuming  a  10^  curve  is  desired  we  must  locate  the  P,C.  from 

the  point  5  and  the  P.  T.  from  the  point  /. 


k 127.9- W 

k— J5.^'--w S19'—A 

[RC  [S'StaBB^SlZ.  WJ^FL inaccessible 


Fig.  57 

In  the  preceding  simple  curve  problem  the  tangent  length  of 
a  10®  curve  with  a  central  angle  of  25**  10'  was  figured  to  be 
127.9';  it,  therefore,  remains  to  compute  the  distance  ji/ which 
subtracted^ from  127.9'  will  give  the  distance  from  1  along  the 
tangent  sA  to  the  P.C,  of  the  curve.  In  a  similar  manner  compute 
///,  which  subtracted  from  127.9'  gives  the  distance  along  the 
forward  tangent  tC  to  the  P.  T.  of  the  curve. 

Knowing  the  station  of  the  point  s  as  measured  along  the 
tangent  A.B.  the  station  of  the  P.C.  is  determined;  then  figure 
the  deflections  in  the  usual  manner  and  run  the  curve. 

For  the  values  given  the  computations  are  as  follows: 

To  determine  sH  and  Ht.     Use  the  law  of  sines  (sec  Trigono- 
metric formulae,  page  374). 
sH'.st:  sin  20®  00  :  sin  25**  10' 

,11  =  f^sin^^oloo;  ^  ,.o.sXo.34£0£  ^ 
sm  25    10  0.42525 

st  sin  5**  10'       110.5  X  0.09005  , 

tit   —  — : s 7~ ■  ^   23.4 

sm  25    10  0.42525  "^ 

Therefore,  the  distance  from  5  to  the  P.C.  is  127.9'  —  88.9'  ■» 

390'. 

The  distance  from  t  to  the  P.T.  is  127.9  "-  23.4  =  104.5. 
Having  these  distances  the  P.C.  and  P.T.  arc  located.      As- 
sume   that   station   oi  5  was  measured  a\oiv%  the  tangent  AB 
and  found  to  be  station  22  +  53.7. 
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The  station  of  the  P.C.  then  equals  22  -f  14.7 

P.L     "  "      23  4-42.6 


(C 


It 


it    t* 
«    <l 


il 


24  +  66.4,  using  the  length 


rf  curve  figured  in  Case  i. 

The  deflections  are  figured  and  the  curve  run  as  in  Case  i, 
issuming  that  aU  the  curve  points  are  visible  from  the  P.C. 

Case  3.  Where  the  P.T.  or  intermediate  points  on  the  curve 
we  not  visible  from  the  P.C. 

{a)  Where  an  intermediate  set-up  is  required.  Use  the  same 
:ur9e  as  in  Case  1. 

The  deflections  for  the  different  curve  points  were  figured  as 
follows: 


Deflections.    Instrument  at  P.C.y  foresight 

on  P. I. 

P.C.  Station  22  +  14.7 

Deflection 

o*»oo' 

22  +  50 

1*^46 

23  -f  00 

4''  16' 

23  +  50 

6''46' 

24  -f  00 

9°  16' 

24  +  50 

11°  46' 

24  -h  66.4 

12^35' 

nC.  221-/4.7                        .  f?I. 

Pr  Z4i'66A 


Fig.  58 


Set  up  the  instrument  at  the  P.C.  and  locate  the  points 
82  -h  50,  23  -h  00  and  23  -f  50;  suppose  24  -f  00  is  not  visible, 
Bet  up  at  station  23  +  50,  set  the  vernier  at  0°  00'  and  back 
ught  on  the  P.C;  transit  the  telescope  and  finish  the  curve, 
using  the  same  deflections  as  figured  for  the  instrument  set  up 
at  the  P.C.\  that  is,  turn  the  deflection  of  9**  16'  for  station 
24  4-00,  II®  46'  for  24  H-  50,  and  12**  35'  for  the  P.T.  In 
general  it  can  be  said  that  whenever  the  P.C.  is  used  as  a  back- 
sight from  the  intermediate  set-up,  set  the  vernier  at  o^  00' 
when  sighting  on  the  P.C.\  transit  the  telescope  and  use  original 
notes  for  the  balance  of  the  curve. 

(6)  Where  two  or  more  intermediate  set-ups  are  required. 

For  the  first  set-up,  say,  at  23  -f  50,  proceed  as  above  and  set 
station  24  -f  00;  suppose  24  +  50  is  not  visible  from  station 
2^  4-  50;  set  up  at  station  24  -j-  00  and  with  the  vernier  reading 
6  46' back  sight  on  station  23  -j-  50;  transit  the  telescope,  set  the 
vernier  to  read  ii*'46'  for  station  24  4-  50,  and  proceed^  usin% 
the  same  deflections  as  originally  figured.  In  %<&ii^t^^  ^\\k.\^ 
the  P.C.  is  Dot  visible  from  the  intermedVale  ^eVMp,  ^^V  ^^« 
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vernier  to  read  the  deflection  figured  for  the  point  used  as  • 
backsight;  transit  the  telescope  and  proceed  with  the  curve, 
using  the  notes  originally  figured.  That  is,  if  the  instrumest 
is  set  up  at  station  24  +  00  and  22  +  50  used  as  a  backsight, 
the  vernier  is  set  at  i^  46',  and  usin^  the  lower  motion  the  wire 
is  set  on  station  22  +  50;  then  transiting  the  telescope  the  curve 
is  run  by  setting  the  vernier  at  11^  46'  for  station  34  +  50,  etc 

If  station  23  +  00  is  used  as  a  backsight,  set  the  vernier  it 
4°  16'  when  sighting  the  machine;  then  transit  and  proceed  as 
above. 

These  three  cases  cover  any  ordinary  road  curve  problems. 
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OFFICE  PRACTICE 

Under  office  practice  we  include 

1.  Mapping  the  preliminary  survey. 

2.  Designing  the  improvement  and  estimating  the  quantities. 

3.  Producing  a  finished  set  of  plans  from  which  the  road  can 
be  constructed. 

I.    Mapping  the  preliminary  survey. 

The  mapping  of  the  preliminary  survey  serves  as  a  base  from 
which  the  design  of  the  new  work,  and  the  quantities  necessary 
thereto,  can  be  built  up.  It  consists  of  three  views  of  the  road: 
the  plan,  showing  the  topographic  features;  the  profile,  showing 
the  longitudinal  differences  of  elevation,  and  the  cross-sections, 
showing  the  constantly  changing  transverse  shape. 

The  scales  in  general  use  are  as  follows: 


Plan 

Profile 

Cross-sertions 

i'  =  100' 

i'  = 

100'  horizontal 
10'  vertical 

i'  =  10' 

i'  =    50' 

1'  — 

50'  horizontal 
10'  vertical 

i'=   s' 

or  i'  =    4' 

1'  =    20' 

il  = 

20'  horizontal 
5'  vertical 

i'=    5' 
or  i'  =    4' 

i'  =    10' 

\'^ 

10'  horizontal 
10'  vertical 

i'  =    2' 

The  100'  scale  is  too  small  for  convenience  in  design,  and  earth- 
work quantities  figured  from  cross-sections  plotted  1"  to  10' 
are  not  reliable.  For  work  on  ordinary  country  roads,  the  50' 
scale  is  generally  adopted,  using  cross-sections  plotted  i"  to  5' 
or  i"  to  4';  this  scale  is  satisfactory  for  laying  the  grade  line  and 
computing  the  earthwork. 

The  larger  scales  of  i"  =  20'  or  i"  =»  10'  are  useful  in  village 
work  where  a  large  amount  of  detail  must  be  shown. 

Plotting  the  center  line. 

The  survey  center  line  can  be  plotted  by  deflection  a.rL^<ts  ^.t. 
the  traDsit  points,  using  a  table  oi  hblVwi^X  \.«Lii^^Ts\s,^  -^  Ntx^«> 
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protractor  or  an  ordinary  paper  protractor  graduated  to  15  ; 
minutes. 

Where  the  center  line  has  been  well  located  in  the  field  and 
there  seems  to  be  no  necessity  for  a  paper  re-location,  no  greit 
care  need  be  taken  in  plotting  the  dcflectioix.  angles,  as  in  such  1 
case  the  map  serves  more  as  a  picture  of  the  topographic  features 
than  as  a  basis  for  alignment. 

Where  a  random  line  has  been  run  in  the  field  and  some  shifting 
of  the  center  line  is  necessary,  both  angles  and  distances  must  be 
accurately  plotted.  If  any  extensive  change  of  alignment  is 
made,  the  new  deflections  and  distances  should  be  checked  by 
figuring  the  difference  of  latitude  and  longitude  for  both  the 
survey  line  and  the  oflSce  line  between  the  points  of  equality. 

Where  the  consideration  of  sight  distance  (see  page  17) 
governs,  Table  No.  31  will  be  of  service. 

For  convenience  in  plotting  the  topography,  the  100'  survey 
stations  are  plainly  marked. 

The  most  common  mistakes  in  plotting  the  map  are  made  by 
reversing  the  deflection,  as  right  instead  of  left  and  vice  rerja, 
or  in  adding  or  omitting  100'  in  scaling  long-tangent  distances. 
The  work  should  be  checked  for  mistakes  of  this  nature. 
All  curve  data  is  marked  plainly  on  the  map  near  the  P./. 
and  shows 

The  deflection  angle  A 
The  degree  of  curve  D 
The  radius  of  curve  R 
The  tangent  length  T 
The  length  of  curve  L 
The  station  of  the  P.I. 
The  station  of  the  P.C. 
The  station  of  the  P.  T. 

If  the  curves  have  been  figured  in  the  office  and  have  not  been 
run  in  the  field  it  is  good  practice  to  scale  the  offsets  from  the 
tangent  to  the  curve  and  mark  them  on  the  map. 

These  offsets  from  the  center  line  as  run  are  then  transferred 
to  the  cross-sections  and  the  profile  plotted  from  center  line 
elevations  on  the  cross-sections. 

Table  No.  31  gives  the  approximate  distance  that  an  auto- 
mobile driver  can  see  an  approaching  car,  assuming  that  he  is 
driving  in  the  center  of  the  macadam  and  that  the  approaching 
car  is  also  in  the  center.  Two  distances  are  given  for  each  curve, 
the  first  assuming  that  the  line  of  sight  is  six  feet  from  the  ground, 
which  is  about  right  if  the  curve  is  on  a  straight  grade,  and  makes 
the  line  of  sight  tangent  to  the  cut  slope  01  i  on  ij  19  feet  off 
center  for  the  narrow  section  shown  in  Fig.  No.  7,  page  30, 
and,  second,  assuming  that  the  line  of  sight  is  close  to  the  ground, 
as  occurs  on  rounding  the  top  of  a  hill,  in  which  case  the  line 
of  sight  will  be  tangent  to  the  side  slope  at,  approximately, 
11'  off  center. 


LEVEL   COMPUTATIONS    ' 

«■ 

Table  31  N^^.    ,  > 


181 


nIv 


Dtgnt  of 
Canratme 

Radius  of  Curve 
Feet 

Sight  Dbtance 
Case  One.    Feet 

Sight  Distance 
Case  Two.    Feet 

1 

5 

1 146.0 

400 

1 
310             1 

6 

7 
8 

9 

9550 
818.6 
716.3 
636.6 

375 
350 

330 
310 

290 

270             ! 

250 

235 

xo 

5730 

295 

220 

12 

477.5 

270 

200 

14 
16 

18 

20 

409.3 
358.1 
318.3 
286.5 

245 
230 

220 

210 

185 
175 
i6s 
160 

30 

191.0 

170 

130 

40 

1432 

145 

no 

50 

1 14.6 

130 

100 

1 

King  the  topognphy. 

f  the  topography  has  been  recorded  on  a  system  of  right-angle 

«ts,  as  suggested  and  illustrated  on  page  123,  it  can  be  easily 

I  quickly  plotted  by  using  the  transparent 

le  shown  here. 

This  scale  ^ves  the  plus  distance  along  the 

vey  base  line,  or  center  line,  and  the  offset 

Lance  from  the  line  in  one  operation. 

is  a  general  rule  the  plotting  of  the  topog- 

hy  need  not  be  checked. 

t^  Compotatioxii. 

The  survey  computations  of  the  Bench 
rels  are  checked  and  a  list  of  bench  eleva- 
is  prepared;  these  elevations  are  used  in 
5S-section  level  notes  and  from  them  the 
es  are  computed  between  benches.  As 
h  bench  is  reached  these  notes  arc  cor- 
ted  to  agree  with  the  elevation  adopted 

that  bench  and  then  carried  forward  on 

corrected  basis.  The  allowable  error  for 
S8-section  levels,  as  mentioned  in  the  chap- 
on  surveys,  is  less  than  o.  i  feel.  The  cor- 
Lion  of  the  levels  at  each  bench  prevents 
T  cumulative  error  and  makes  the  eleva-  Fig.  59.  —  Conven- 
18  of   the  cross-section  shots  agree  with      ient  Transn3.x«v^ 

adopted  bench  elevations  with  an  error     Sc^e. \c»x  "^ v^vCcwj^ 
less  than  o.i\     This  is  as  close  as  iVve      Toipo^p«^'*3 
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TCftdings  can  be  plotted  and  as  close  as  they  can  be  Te&d  in  tbt 
field. 

The  computation  of  the  bench  levels  and  the  adjustment  of 
the  cross-section  DOtes  should  be  checked  by  a  competent  mu. 
The  most  comroun  mistake  iu  figuring  Ibe  cross-section  reid- 
ings  is  to  use  the  wrong  height  of  instrument  for  a  section.  Sucb 
a  mistake  cannot  be  detected  in  plotting  the  sections,  bul  a 
generally  discovered  when  the  profile  is  plotted. 

In  checking  the  notes  particular  care  should  be  taken  on  thi> 
one  point. 

Plottini  the  crosi-aectiDni. 

The  cross-sections  must  be  very  lartfully  plotted,  as  the  tt- 
liability  ol  the  earthwork  computation  depends  largely  on  tbrir 

The  cross-section  paper  used  should  be  exact  in  the  diviwoni 
and  should  be  printed  or  engraved  from  plates. 

Ruled  paper  is  inaccurate. 

The  plotting  is  checked  by  reliable  men.  Reading  the  shots 
back  From  the  plotted  cross-section  is  preferable  to  reading  Ihtm 
from  the  hook.  The  elevations  of  Ihc  center  line  and  of  the  dilcb 
line  are  written  over  the  section.  The  station  number  or  plm 
of  each  section  is  written  on  the  right  margin.  The  fact  ihil 
the  section  has  been  graveled  within  the  traveled  way,  that  stone 
has  been  spread  to  a  certain  thickness,  or  any  other  fact  Ihil 
would  influence  the  designer  when  laying  a  grade  line,  is  noted  on 
Ihc  section.     Sec  Fig.  bo. 


practice  to  allow  the  ineaperiencod  d 


This  part  of  mapping  is  the  most  important  of  the  prelinini]' 
plans,  and  Ihc  work  should  be  plotted  and  checked  so  that  th« 
points  are  correct  to  the  nearest  o.i  feet  in  elevation. 
These  points  are  then  connected  with  a  fine  ink  line. 


The  profile  is  plotted  from  the  center-line  elevations  given  m 
the  cross- section  notes  unless  the  pio^Msed  center  line  doc*  not 
coincide  nitb  tlie  survey  center  Uae, m  ^^adi •^-  -»—•:—• 
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of  the  proposed  line  are  projected  from  the  previously  plotted 
cross-sections. 

It  is  not  necessary  to  spend  so  much  time  for  accuracy  in 

Clotting  as  on  the  sections,  as  the  profile  only  serves  as  a  guide  in 
lying  the  grade  line  and  no  quantities  depend  upon  its  correct- 
ness.    An  error  of  .2  feet  is  allowable. 

The  elevation  of  each  plotted  center-line  point   is   recorded 
with  its  stationing. 
See  Fig.  63. 

The  Design. 

The  completion  of  the  profile  finishes  the  preliminary  mapping. 
The  first  operations  of  the  ofiice  design  are  as  follows: 

A.  The  selection  of  section. 

B.  The  depth  of  metalling. 

C.  The  laying  of  the  grade  line. 

These  three  points  are  so  dependent  on  each  other  that  they 
cannot  be  separated. 

The  most  experienced  man  available  should  do  this  part  of 
the  work.  He  should  be  thoroughly  familiar  with  the  road  from 
field  inspection,  and  in  designing  he  follows  the  general  principles 
discussed  in  the  chapters  on  Grades,  Sections,  and  Foundations. 

BlKinkage  of  Earthwork. 

We  have  made  no  mention  heretofore  of  the  shrinkage  of  earth 
cut  when  placed  in  fill.  This  is  an  important  factor  of  an 
economical  grading  design. 

Trautwine  states  that  for  railroad  work  it  takes 

1.08  cu.  yds.  gravel  or  sand  excavation  to  make  i  cu.  yd. 
embankment. 

i.io  cu.  yds.  clay  excavation  to  make  i  cu.  yd.  embankment. 

X.I 2  cu.  yds.  loam  .excavation  to  make  i  cu.  yd.  embankment. 

1. 1 5  cu.  yds.  vegetable  surface  soil  excavation  to  make  i  cu.  yd. 
embankment. 

The  quantities  1.08  cu.  yds.  gravel,  etc.,  refer  to  the  volume 
[>ccupied  by  the  material  before  removal. 

Trautwine  also  states  that  in  loosening  earth  and  loading  into 
wagons  or  cars  i  cu.  yd.  of  earth  swells  about  one-fifth  and 
measures  loose  practically  1.2  cu.  yds. 

These  values,  however,  cannot  be  used  in  roadwork,  as  a  certain 
percentage  of  the  excavation  is  sod  or  vegetable  matter  that  is 
not  suitable  for  embankment  and  must  be  wasted. 

This  waste  material  raises  the  percentage  of  cut  necessary  to 
make  the  fill. 

The  correct  ratio  for  roadwork  has  been  a  source  of  contention 
among  engineers,  and  we  believe  that  the  use  of  too  high  a  value 
has  resulted  in  a  needless  waste  of  thousands  of  dollars  during 
the  last  five  years  in  New  York  State  alone. 

Under  this  head  it  may  be  stated  that  oiv  sev««\  to^^^  >\xAKt 
the  supervision  of  W.  G.  Harger,  a  careiul  stuAv  oV  xXivs*  v^voX. 
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was  made,  taking  unusual  care  with  the  original  and  final 
cross-sections,  the  plotting  and  planimeter  work,  and  it  was  found 
that  for  the  cases  investigated,  the  ratio  of  cut  to  fill  varied 
from  1. 1 5  in  heavy  cuts  to  1.27  in  light  skimming  work. 

It  is  the  general  opinion  among  engineers  of  Division  5, 
N.  Y.  S.  Dept.  of  Highways,  that  the  percentage  formerly  used 
(namely  1.35)  is  too  high.  In  nearly  all  cases  where  the  work 
was  at  all  heavy,  a  large  excess  of  dirt  had  to  be  wasted.  There 
have  been  some  roads  designed  on  a  basis  of  1.35  where  more 
dirt  was  needed,  but  in  the  authors'  opinion  this  was  due  to  dis- 
crepancies in  the  field  or  office  work  or  by  allowing  the  con- 
tractor to  use  the  roadbed  excavation  for  filler  or  concrete 
material.  If  the  soil  encountered  is  suitable  for  such  purposes, 
it  is  plainly  up  to  the  contractor  to  furnish  other  material  for  the 
places  excavated. 


1^ 


Fig.  61. —  Transparent  Templet  for  Use  on  Cross-Sections  Giving 

Finished  Shape  of  Road 


Fig.  62.  —  Transparent  Templet  with  Stone  Trench  Cut;  Saves  Time 
in  Draining  in  Sections  for  Figuring  Cut  and  Fill 

The  authors  believe  that  the  following  ratios  will  be  satis- 
factory for  ordinary  cases: 

Table  ^2 

Light  skimming  work,  large  amount  of  heavy  sod   1.35 

Light  skimming  work,  considerable  sod 1.30 

Light  skimming  work,  not  much  sod    1.25 

Medium  work   1.20 

Heavy  work     1.15 

Trautwine*s  earth  ratios  are  correct  where  earth  borrow  is 
obtained  from  a  pit. 
Trautwine  states  that  i.o  cu.  yd.  of  solid  rock,  when  broken 
up,  trill  make  1.66  to  1.75  cu.  yds.  ol  tocV  ftW. 
In  this  statement  he  assumes  that  the  fiV\\sisvaL^t  olsVisaftiX'cswt 
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and  that  the  voids  are  not  filled.  In  most  roadworks  the  small 
quantities  of  rock  encountered  are  dumped  in  with  the  earth  as 
embankment,  and  as  the  voids  are  all  filled  with  earth  it  is  evi- 
dent that  I  cu.  yd.  of  rock  will  make  only  i  cu.  yd.  of  fill;  how- 
ever, if  a  large  unmixed  stone  fill  is  made,  his  ratio  holds. 

The  discussion  of  these  ratios  has  been  carried  out  to  some 
length  because  we  believe  it  is  one  of  the  points  that  illustrate 
the  advantage  of  careful  engineering.  Several  of  the  New  York 
State  plans,  the  cost  of  which  has  ranged  from  $100  to  $200  per 
mile,  have  been  revised  with  this  end  in  view;  the  revision  costing 
an  additional  $15  to  $30  per  mile,  with  a  resultant  saving  in  con- 
struction cost  of  from  $200  to  $300  per  mile. 

The  use  of  a  rolling  grade  was  recommended  in  the  chapter  on 
Grades.  The  designer  is  cautioned,  however,  not  to  carry  this  to 
extremes  as  there  are  many  short,  small  hummocks  which  must  be 
disregarded  if  a  reasonably  good  profile  is  to  be  obtained.  Fig.  62  a 
indicates  a  proper  and  improper  use  of  an  undulating  profile. 
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Illustrating  Proper  Use  of 
Straight  and  Undulating  Grades 

Fig.  62  A 

Templets. 

For  the  convenience  of  the  designer  in  drawing  the  shape  of 
the  finished  road  on  the  cross-sections,  a  number  of  transparent 
composition  templets  are  made,  cut  to  proper  scale,  represent- 
ing the  different  shaped  sections  to  be  used.     See  Figs.  61  and  62. 

Economical  Grade  Line. 

On  page  12,  the  most  economical  grading  conditions  were 
mentioned.  A  convenient  method  of  laying  a  grade  line  that 
will  approximate  these  conditions  is  as  follows:  take  the  case  of 
determining  an  economical  profile  for  a  road  from  station  11 
to  station  16,  where  the  grade  can  be  placed  at  ?lw^  dR.%vt^^  ^Vr.- 
vatJon  (see  page  12).  Place  the  adopted  VercvvNfcV  oxv  t-a^Ocv  c^^'^'^r- 
section  so  that  the  cut  will  just  make  \.\ie  ^\\  V,V\v\s  ^o'b\M\Qfvv  v 
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c  the  elevation  of  ihc  center  liae  of  the  pro- 
posed finished  road  for  thispon- 
'^  tion  oi  the  templet;  mark  tbil 
elevation  -on  (he  profile  for  Mch 
section  between  stations  ii  and 
16;  to  connect  these  points  would 
give  the  most  economical  grade 
line,  but  this  can  rarely  be  done 
with  a  resulting  smooth  profile. 
The  adopted  grade  is  obtained 
by  drawing  in  a  smooth  grade 
line,  that  averages  theelevalioeu 
of  these  points  and  varies  in  ele- 
vation above  or  below  tbem  as 
little  as  possible. 

The  adopted  ^rade  elevation 
at  each  station  is  then  figured, 
the  shape  of  the  finished  road 
drawn  on  the  cross- sections  al 
these  elevations,  and  the  net- 
ration  and  embankment  com 
puted.  If  the  ratio  of  cut  U 
fill  is  not  correct,  the  grade  i 
raised  or  lowered  slightly  to 
produce  the  desired  ratio,  TMl 
method  is  illustrated  in  Fig.  6j. 

For  each  stretch  of  roid 
where  economy  of  grading  gov- 
erns the  profile,  this  procedure 
[s  repeated,  and  for  the  sedioiu 
of  road  where  other  considera- 
iLons  govern,  the  grade  is  plkctd 
at  the  required  elevation  and 
the  borrow,  waste,  or  overhaul 
figured. 

To  obtain  a  smooth  grade  bar 
vertical  curves  are  used  at  ibe 
intersection  of  the  different  tan- 
gent rates  of  grade.  Vertical 
curves  irenoi  usually  used  where 
the  differcntc  in  rates  of  grade  i* 
less  than  l  per  cent. 

For  Ibe  final  plans  these  ve^ 
tical  curve  elevations  may  be 
computed  by  the  (ollowing  for- 
mulie,  but  for  the  trial  grade  line 
they  can  be  scaled  from  Ibe 
profile,  drawing  in  the  curve 
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V.  C-Pormvl^: 

Formula  A.    Difference  in  elevation  at  Center  of  Curve. 
d  expressed  in  feet  —  )    (Algebraic    difiFerence    of    the    tangent 

grades  expressed  in  feet  per  100)  X 
(length  of  curve  expressed  in  stations 
of  100'). 


IfrNfSttthn  <^ 


Diffjerencf  inEkvation 
or  Y.C.andTangeittkrttn'-^^ 


—  Length  of  Curve  •• 
Formula  A 


i^^ 


Formula  B 

Formula  B,     Intermediate  diflfcrences  of  Elevations  between 
tangent  grades  and  points  on  vertical  curve. 


d'  = 


df^ 


EU2I0.3 


ZOO 


9ta  0 


10-^50 


ll-fOO 


n-l-50 


12-^00 


Example  op  Vertical  Curve  Computation 

It  is  required  to  figure  the  vertical  curve  elevations  for  a 
vertical  curve  200'  long  between  tangent  grades  of  +  2.0% 
and  —  3.0%  meeting  at  station  1 1  +  00  at  an  elevation  of  1210.3. 

First,  find  the  middle  correction  d:  use  formula  A. 

rf  -  i  (2.0  -  (-  3.0))  X  (2) 
rf  -  i  (5)  X  (2)  =  V-  =  1.25' 

Second,  determine  the  corrections  d\  and  dt*,  w^e  VoitCLviNa.  B . 
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rfi  =  —  =  1.25  ^  =  1. 25  X  }  =  0.31  feet  \\ 

dt  **  1.25-^— ;»  0.31  feet.  I 

Third,    determine   the   elevation   of   the   tangent  grades  at  I 

10  H-  50  and  11  -f  So.  I 

Fourth,  subtract  the  V.C.  corrections  du  d,  and  dt  from  these  I 

tangent  grades  at  10  +  50,  11  -f  00  and  n  -f  50.  I 

Vertical  Cuuve  Elevations  | 

Sta.  10  -}-  50  =  Tangent  Elev.  1209.3  —  0.31  =  1208.99  I 

'*     II  4-  00  =        "  "      1210.3  —  1.25  =  1209.05         I 

"     II  -h  50  =         "  *'      1208.8  -  0.31  =  1208.49 

The  following  table,  No.  33,  is  useful  for  draftsmen  in  picking   ' 
out  the  correct  curve  to  use  in  inking  in  the  vertical  curves. 
This  table  is  compiled  for  a  horizontal  scale  of  i "  =  50',  and  1 
vertical  scale  of  i"  =  10'.     For  other  scales  a  similar  table  csn 
be  constructed. 

Explanation  of  Table  33. 

Suppose  it  is  required  to  pick  out  the  correct  curve  templet 
to  draw  in  a  vertical  curve  300'  long  between  two  tangent  grades 
having  an  algebraic  difference  of  5  per  cent  (say  a  +  2.0  per  cent 
grade  and  a  —  3.0  per  cent  grade).  On  the  line  opposite  5.0 
in  column  i  representing  the  algebraic  difference  of  rate,  pick 
out  the  value  24  in  the  column  headed  300'  curve;  this  means 
that  a  curve  having  a  radius  of  24  inches  will  fit  the  conditions. 
This  curve  can  be  found  easily  from  the  collection  of  cur\'e 
templets  which  have  been  previously  marked  with  their  radii 
in  inches. 

The  limit  of  sight  due  to  vertical  curves  is  shown  in  Table  34. 

Table  34  gives  the  distance  ahead  that  a  driver  can  see  on  a 
straight  road,  assuming  that  his  eye  is  6  feet  above  the  road, 
for  vertical  curves  of  200  feet,  150  feet,  and  100  feet  long  between 
grades  having  a  large  difference  of  rate. 

Example.  Suppose  a  plus  5  percent  grade  meets  a  minus  7 
per  cent  grade  and  that  it  is  desired  to  put  in  the  minimum 
length  curve  that  will  allow  a  sight  ahead  of  300  feet.  The 
difference  in  gradient  is  5  +  7  =  12  per  cent.  From  table 
34,  opposite  12  per  cent,  we  can  readily  pick  the  length  re- 
quired; it  will  be  about  170  feet  and  200  feet  would  probably 
be  used.  It  is  rare  that  the  sight  distance  governs  in  the  selec- 
tion of  length  of  curve. 

Placing  the  Templets  and  Planimetering  the  Areas.  ' 

After  the  trial  grade  line  has  been  placed  the  center  line  ele- 
vations of  the  proposed  finished  road  are  figured  for  each  point 
on  the  profile  where  cross-sections  have  been  taken  and  the 
section  selected  is  drawn  on  the  original  cross-sections  at  these 
elevations,  using  the  templets  menliotvcd  a^bove. 
Because  it  is  comparatively  easy  lo  Txva.Ve  «l  mv&\A2ut  ^ 
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Cable  33. 

Table  op  Radh  for  Plotting  Vertical  Curves 

ON  Profiles 

Algebnic 
Diff. 

loo' Curve 
RAd. 

aco' Curve 
RAd. 

300*  Curve 
Rad. 

400*  Curve 
Rad. 

1.0 

40 

80 

120 

160 

1.2 

33 

67 

100 

132 

M 

29    • 

57 

85 

116 

1.6 

25 

50 

75 

100 

1.8 

22 

44 

65 

88 

2.0 

20 

40 

60 

80 

2.2 

18 

36 

55 

72 

2^ 

i6| 

33 

50 

66 

2.6 

'Si 

30 

46 

62 

2.8 

I4i 

29 

43 

58 

3.0 

'^\ 

27 

40 

54 

3.2 

I2i 

25 

37 

50 

3-4 

12 

23 

35 

48 

3.6 

II 

22 

33 

44 

3.8 

lol 

21 

32 

42 

4.0 

10 

20 

30 

40 

4.5 

9 

18 

27 

36 

so 

8 

16 

24 

32 

So 

7 

14J 

22 

28 

6.0 

6i 

13J 

20 

26 

7.0 

6 

iij 

17 

24 

8.0 

5 

10 

16 

20 

9.0 

4l 

9 

13J 

18 

10.0 

4 

8 

12 

16 

II.O 

3i 

7 

II 

13! 

12.0 

3i 

6J 

10 

13.0 

3 

6 

9 

12 
11} 

14.0 

3 

si 

8i 

Table  34 


Diiference  in 
ate  of  Grades 


8% 
10% 

14% 


Sight  Distance  for 
aoo  ft.  V.  C. 


/ 


355  ^eet 
320 
2go 
260 


tt 

tt 


Sight  Distance  for 
ISO  ft.  V.  C. 


315  ^eet 
290 
260 
230 


Sight  Distance  for 
100  ft.  V.  C. 


IQO  OFFICE    PRACTICE 

foot  or  five  feet  in  elevation,  the  elevation  of  new  grade,  at 
shown  by  the  position  of  the  templet,  should  be  checked  from 
the  profile  before  computing  the  cuts  and  fills. 

Because  of  the  small,  irregular  shape  of  these  areas  it  is  not 
possible  to  compute  them  arithmetically  and  the  areas  are 
determined  by  plani meters.  Great  care  must  be  exercised  if 
the  work  is  to  be  reliable;  a  double  run  is  made  and  the  second 
run  should  be  twice  the  first  area.  A  certain  limit  of  error  in 
the  second  area  is  adopted.^  This  metHod  is  sufficiently  ac- 
curate for  preliminary  estimating.  On  final  estimate  work,  where 
the  payment  for  earth  excavation  depends  on  the  planimeter 
work,  a  satisfactory  method  is  to  have  two  men,  using  sepa- 
rate planimeters,  compute  the  areas  independently  without  any 
knowledge  of  each  other's  result.  If  the  amount  of  excavation  is 
figured  separately  varies  more  than  2  per  cent,  a  third  run  is  made. 

The  reason  that  it  is  diiTicult  to  get  accurate  planimeter  re- 
sults is  that  the  work  is  monotonous,  confining,  and  hard  on 
the  eyes,  and  the  tendency  is  toward  carelessness  unless  the  men 
know  that  their  work  is  being  checked. 

The  temptation  is  strong  to  make  the  second  reading  equal 
twice  the  first,  and  unless  some  such  method  is  used  to  check  up, 
small  errors  will  be  passed  over. 

As  a  matter  of  interest  three  miles  of  planimeter  work, 
checked  in  this  manner,  was  examined  to  see  the  average  differ- 
ence in  areas,  where  two  careful  men  using  different  planimeters 
computed  their  results  separately. 

The  sections  used  were  plotted  i"  =  5';  areas  read  to  nearest 
o.i  sq.  ft. 

The  average  percentage  of  difference  for  single  areas  were 

1.  Small  areas  below  10  sq.  ft per  cent  of  difference  5% 

2.  "         "      10  to  30     "    "    **       **       **  "        2% 

3.  Areas  above  30  "    '*    "      "      "  "        1% 

However,  these  differences  for  single  areas  compensate,  as  some 

are  above  and  some  below  the  mean  value,  and  computing  the 
two  separate  results  for  the  three  miles  gave  the  following  result 
Percentage  differences  for  work  of  two  men  for  three  miles* 
showing  the  reduction  of  error  due  to  compensation. 

1.  Small  areas  below  10  sq.  ft per  cent  of  difference  i.o  % 

2.  "         '•      10  to  30    *•     •'....  *'      *'     "         "         0.5  % 

3.  Areas  above  30  *'"...."       "      "  "      0.05  % 
The  average  excavation  per  mile  will  run  about  3,000  cu.  yds., 

which  means  the  average  area  of  cut  is  about  16  sq.  ft. 

This  comes  under  the  second  division  and  makes  the  probable 
error  of  final  estimate  planimeter  work  sufficiently  close  for  all 
practical  purposes. 

Areas  by  measuring  the  depth  of  cut  or  fill  at  intervals  of  one  loot 
across  the  section. 

It  is  often  necessary  for  the  field  men  to  make  a  change  in  grade 
or  alignment,  and  the  following  mcvhod  ol  estimating  section  areas 

*A  satisf.ictory  rule  has  been  to  aWow  a  AVttctcnce  <A  o^  w\«  ^»  ^« 
Sosg.  it.,  and  i.osq.  ft.  error  above  50  sq.  It. 
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Measure  the  depth  of  the  cutting  on  i,-ertical  No.  i.  Call  this 
pth  1'.  It  can  be  readily  seen  that  this  depth  is  the  averagedcplh 
r  the  first  foot  of  the  cross  section,  and  if  multiplied  by  one  foot 
uals  the  area  of  the  first  foot  of  the  section.  In  like  manner 
Msute  the  depth  of  the  section  on  vertical  No.  2.  This  is  the 
eiage  depth  of  the  second  foot  of  the  section,  and  multiplied  by 
e  foot  equals  the  area  of  the  second  foot  of  the  section.  If  the 
en  of  the  depths  t',  1',  j',  etc.,  is  obtained  for  the  entire  width  ot 
e  section  it  is  evident  that  the  sum  must  equal  Che  area  of  the 


lk£^"' 


Z',1' »'^S'.6',T'< 


Strip  offbpef 
Scale  the  distance  from  the  reference  mark  to  the  end  mark,  usinf; 
e  same  scale  by  which  the  cross  section  is  plotted  and  the  area  of 
e  section  is  obtained.     This  method  is  as  reliable  as  planimeter 
ttk,  but  is  necessarily  slower. 
imputation  of  Xarthwork. 

Earthwork  is  usually  computed  from  the   planimeter  results 
'  the  method  of  end  areas;  where  so-ft.  sections  are  used  the 
llowiog  table  is  convenient. 
^pUnatioa  of  Tabla  35. 

Suppose  the  area  of  excavation  at,  say,  station  I3  -{-  00  is 
•.6  aq.  ft.;  suppose  the  excavation  area  at  station  12  ^  jo  is 
I.I  sq.  ft.  To  get  the  number  of  cubic  feet  of  excavation  from 
atlon  II  +  00  to  22  +  so  add  30.6  +  20.1  =  50.7.  InTable 
an  area  of  50.7  gives  an  excavation  quantity  of  1167.;  cu.  ft. 
here  the  normal  cross-section  interval  is  50'  (t.  this  table  is  a 

Table  36  is  convenient  in  changing  cubic  feet  to  cubic  yards. 
Table  37  is  convenient  lor  preliminary  estimates,  as  it  gives 
.e  cubic  yards  directly  for  Ihc  sum  of  tHe  «vi&.  uc%%  \u  v^^bx.% 
St.     //,  iowever,  js  not  figured  exactly  and  \&  aoX.  %vo.\sM«,  \« 
al  etdmate  work. 
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VOLUME  OF  50-FOOT  SECTIONS 

Table  35.    Volume  op  so-ft.  Sections  in  Cubic  Feet  1 

Sum  of  End  Ase as.  —  ConJinuerf 
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Table  36.     Cubic  Feet  and  Cubic  Yasi>s 
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Table  36  —  continued 
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Table  36 — continued 
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Table  37.     New  York  State  Defaithent  or  RicHWAn. 

F.ABTHWORK  Computation  Tables 
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Overhaul. 

If  dirt  must  be  hauled  more  than  a  stated  distance  (free  haul) 
to  place  it  in  fill,  the  additional  distance  is  called  overhaul  and 
is  paid  for  at  an  agreed  rate;  the  amount  of  overhaul  is  estimated 
as  the  (number  of  cubic  yards  that  have  to  be  overhauled)  X 
(the  distance  beyond  the  free  haul  expressed  in  stations,  that  is 
units  of  I  GO  ft.).  That  is,  if  20  cu.  yds.  had  to  be  hauled  3,000  ft. 
when  the  free  haul  was  2,000  ft.,  the  overhaul  would  be  expressed 
as  10  stations  X  20  yds. 

Overhaul  is  to  be  avoided  if  possible,  as  it  is  a  source  of 
dispute  between  Contractor  and  Engineer.  Where  necessary 
it  can  often  be  computed  from  an  inspection  of  the  earthworb 
computation  sheets.  If  the  cut  from  which  the  dirt  is  drawn  is 
short  and  well  defined  and  the  fill  to  which  it  is  taken  is  likewise 
well  defined,  the  position  of  the  centers  of  gravity  of  both  cut 
and  fill  can  be  located  sufficiently  close  by  inspection;  however, 
if  two  or  three  cuts  are  hauled  to  one  fill  or  one  cut  to  more 
than  one  fill,  the  amount  and  length  of  overhaul  can  only  be 
determined  with  accuracy  by  means  of  a  mass  diagram. 

In  Fig.  64  an  earthwork  chart  is  given  which  was  prepared 
for  the  Bata via- Buffalo  road,  State  Route  6,  Sections  10  and  11. 
This  chart  gives  amount,  location,  direction,  and  length  of  haul 
for  excavation  at  a  glance,  and  as  an  example  of  overhaul  has 
been  illustrated  on  the  diagram  this  will  indicate  the  method. 

Explanation  of  Fig.  64,  page  217. 

1.  The  horizontal  scale  represents  stations  along  road:  in 
this  case  5  stations  or  500  ft.  to  the  inch. 

2.  The  vertical  scale  represents  the  algebraic  sum  of  the  exca- 
vation and  embankment  on  whose  vertical  the  amount  is  plotted. 
In  this  case  200  cu.  yds.  to  the  inch. 

3.  Reading  from  left  to  right,  all  ascending  lines  indicate 
amount  and  location  of  excavation;  all  descending  lines  indicate 
amount  and  location  of  embankment. 

4.  All  embankment  quantities  in  each  balancing  section  were 
multiplied  by  the  factor  written  above  that  section  as  "  Balance 
Used." 

5.  The  excavation  and  embankment  quantities  at  each  station 
were  added  together  algebraically,  after  the  embankment 
quantities  had  been  increased  as  specified;  the  algebraic  sum  so 
obtained  was  then  added  algebraically  to  the  sum  similarly 
obtained  from  previous  sections. 

6.  This  diagram  indicates  the  amount  of  material  that  should 
be  excavated  or  deposited  at  each  station. 

7.  The  diagram  indicates  the  direction  of  haul. 

8.  To  compute  overhaul  consider  the  section  A  B  C  D  E  A* 
Suppose  free  haul  is  to  be  500  ft.  Find  where  a  line  500  ft.  long 
nf/J  fit  the  section.     B  Dh  such  a  Vme,    The  material  above  B  D 

will  be  hauled  free. 
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On  material  A  B  there  will  be  paid  overhaul.  The  average 
distance  the  material  A  B  will  be  hauled  will  be  the  distance 
between  the  centers  of  gravity  oi  A  B  and  D  E  respectively. 

Let  X  represent  that  distance.  Then  X  minus  500  ft.  equals 
the  average  length  of  overhaul. 

9.  The  overhaul  can  also  be  computed  from  the  area  of  the 
section  A  B  D  E  A;  this  area  represents  the  product  of  the 
material  excavated  in  yards  and  the  distance  hauled.  Find  the 
area  of  the  section  A  B  D  E  A  by  a  plani  meter  or  otherwise. 
This  area  will  be  expressed  as  yard  stations,  and  when  divided 
by  the  ordinate  G  ^  in  cubic  yards  will  give  the  length  of  haul  in 
stations. 

Suppose  the  area  A  B  D  E  A  equals  2.5  square  inches.  Each 
square  inch  represents  200  cu.  jrds.  X  5  stations,  or  1,000  sta.  y6s. 
Therefore,  an  area  of  2.5  square  inches  would  represent  2,500  sta. 
yds.  According  to  the  diagram  the  total  amount  of  dirt  haul«i 
equals  280  cu.  yds.  as  measured  on  the  ordinate  GB.     Therefore 

the  average  haul  for  this  280  cu.  yds.  equals  -^ '    ^     ■»  8.9 

°  -^       ^  280  cu.  yds.         ^ 

stations. 

The  free  haul  equals  500  feet,  or  5  stations,  therefore  the  overhaul 

equals  8.9  —  5  =»  3.9  stations.     The  amount  of  overhaul  equals  280 

cu.  yds.  X  3.9  =  1092  sta.  yds. 

Table  39.*    Giving  the  Nl^mber  of  Pounds  of  Stone  per  100 

Feet  of  Road  for  Different  Depths  of  Loose  Spread 

AND  Different  Weights  of  Stone 

12-FOOT  ROAD 


Weight  of 

X  cu.  yd. 

Stone,  Loose 

Measure 

Depth  op  Loose  Spkead 

.    »*• 

Ji" 

3l' 

si' 

6i' 

2250 
2300 

2350 
2400 

2450 
2500 

2550 
2600 

20,800 
21,300 
21,800 
22,200 

22,700 
23,200 
23,600 
24,100 

26,000 
26,600 
27,100 
27,700 

28,200 
28,800 
29,400 
30,000 

32,300 

33'000 
33»7oo 
34,400 

35,200 
35.900 
36,600 
37,300 

43,700 
44,700 
45,700 
46,700 

47,700 
48,700 
49,600 
50,600 

54,200 
55,300 
56,600 
57,800 

59,000 
60,200 
61,400 
62,600 

'Note.  —  The  <7uajitities  in  this  taUe  are  figured  by  slide  rule  but  are  tuffici«ntly 
ckMc  for  the  purpoac  to  wbkh  the  table  it  put. 
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Table  39.  —  Continued 


14-FOOT  ROAD 


Weight  of 

I  cu.  yd. 

Stone.  Loose 

Measure 


2250 
2300 

2350 
2400 

2450 
2500 

2550 
2600 


Depth  of  Loose  Spread 


2i* 


24,300 
24,800 
25,400 
25,900 

26,400 
27,000 
27,600 
28,100 


3i- 


3t' 


Si 


30,400 
31.000 
31.700 
32,400 

33,000 
33,700 
34.400 
35.100 


37,700   '   51,000 
38,500     52,200 


39,300 
40,200 

41,000 
41,800 
42,700 
43,500 


53.300 
54,400 

55,600 
56,700 
57,800 
59,000 


6i< 


63,200 
64,600 
66,100 

67,500 

68,900 
70,300 
71,600 
73,000 


15-rOOT  ROAD 


2250 
2300 

2350 
2400 

2450 
2500 

2550 
2600 


26,000 
26,600 
27,200 
27,800 

28,400 
29,000 
29.500 
30,100 


32,600 
33.200 
34.000 
34.700 

35,400 
36,100 
36,900 
37,600 


40,400 
41,300 
42,200 
43,100 

44,000 
44,800 
45,800 
46,700 


54,700 
55,900 
57,200 
58400 

59,600 
60,800 
62,000 
63,200 


67,700 
69,200 
70,800 
72,200 

73,800 

75,200 
76,700 
78,200 


2250 
2300 

2350 
2400 

2450 
2500 

2550 
2600 


I 6- FOOT  ROAD 


27,800 
28,400 
29,000 
29,600 

30,200 
30,900 
31.500 
32,100 


34.700 

43,100 

58,400 

72,300 

35.500 

44,000 

59,600 

73,900 

36.300 

45,000 

60,900 

75,500 

37,000 

45,900 

62,200 

77,MO 

37,800 

46,900 

63,600 

78.700 

38.600 

47.800 

64,900 

80,300 

39,400 

48,800 

66,200 

82,000 

40,100 

49,800 

67,400 

83,600 

The  computation  of  earthwork  \s  the  lon$^est  operation  of  the 
quantity  estimate.     When  thisis  f\Tv\sVved  V\:k^  c^^^^^ibXaV)  «&Umate 
fs  considered  as  practically  coinp\ete. 
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Table  40.    Giving  the  Number  of  Cubic  Yards  of  Macadam 
PER  100  Feet  of  Road  for  Different  Widths  and  Depths 


Width 

Defth 

of 
Macadam 

2" 

2j» 

3' 

3i* 

4* 

S" 

6" 

7" 

10'  ... . 

6.17 

7.71 

9.26 

10.80 

12.34 

15.43 

18.52 

21.61 

12'  .... 

7.41 

9.26 

II. II 

12.96 

14.82 

18.52 

22.22 

25-93 

14'  .... 

8.64 

10.80 

12.96 

15.12 

17.28 

21.61 

25.92 

30.25 

15' 

9.26 

11.58 

13.89 

16.20 

18.52 

23.16 

27.78 

32.41 

16'  ... . 

9.88 

12.35 

14.81 

17.28 

19.76 

24.70 

29.63 

34.57 

18'  .... 

II. II 

13.90 

16.67 

19.44 

22.22 

27.79 

33-34 

3889 

20'  .... 

12.35 

15.44 

18.52 

21.60 

24.70 

30.87 

37.04 

43.21 

22'  .... 

13.58 

16.98 

20.37 

23.76 

27.16 

33.96 

40.74 

47.53 

The  other  quantities  figured  are:  length  of  road  in  miles. 
Table  38  converts  lineal  feet  to  miles. 

Quantities  of  macadam,  sub-base,  concrete  paving  foundations, 
square  yards  of  surfacing,  which  are  simple  computations  in- 
volving length,  width,  and  depth:  Tables  39,  40,  and  41  can  be 
conveniently  used. 

Quantities  of  oil  or  other  surface  or  penetration  treatments, 
which  are  usually  specified  as  gallons,  per  square  yard:  Table  42 
is  developed  with  this  in  view. 

Concrete  for  culverts  or  retaining  walls.  Where  a  large  amount 
of  work  is  done  it  generally  pays  to  compile  a  table  of  quantities 
for  standard  culverts  of  different  sizes  and  lengths.  The  quan- 
tities can  then  be  picked  from  these  tables  sufficiently  close  for  a 
preliminary  estimate.  There  would  be  no  object  in  including 
m  a  book  of  this  character  any  table  suitable  for  certain  culverts, 
as  each  department  has  a  different  standard. 

Expanded  metal  and  reinforcing  bars,  Tables  15  and  16  cover 
these  features. 

Weights  of  cast-iron  pipe:  Table  14  can  be  used. 

Incidentals  requiring  ordinary  arithmetical  computations  only. 

The  quantity  estimate  being  completed,  the  estimate  of  cost 
is  made.     This  is  considered  in  chapter  X. 

Construction  Plans.  The  construction  plans  should  give 
sufficient  information  to  show  the  contractor  what  he  is  expected 
to  do  and  to  enable  the  constructing  engineer  to  stake  out  and  lo 
build  the  road. 

A  finished  set  of  plans  consist  of  a  map,  profile,  and  cross- 
sections  showing  the  alignment  in  relation  to  the  preliminary 
survey  line,  the  proposed  grade  elevations,  the  shape  of  the 
finished  road,  the  widths  and  depths  of  road  metaling;.^  the  cto^N\N& 
to  be  used,  the  existing  structures  and  \.\v^  pxov^^^^  '5^.\^\^^.^sL<5s»^ 
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and  ail  the  minor  points  of  design.  Each  Department  has 
its  own  method  of  giving  this  information,  and  it  makes  little 
difference  how  it  is  shown  so  long  as  it  is  complete  and  dear. 
In  general  it  may  be  said  that  the  scales  used  are  the  same  as 
in  mapping  the  preliminary  survey  and  that  the  size  of  sheets 
or  rolls  must  be  convenient  to  handle  in  the  field;  sheets  larger 
than  24"  X  30"  are  clumsy. 

Miscellaneous  Points.  A  point  often  overlooked  in  laying;  a 
grade  line  is  the  proper  approach  to  a  railroad  grade  crossing 
where  the  track  is  on  a  curve  and  has  a  superelevated  rail. 
Where  the  road  grade  is  level,  or  nearly  level,  the  solution  is 
comparatively  simple,  as  shown  in  Fig.  65;  but  where  the  grade 


Fig.  65 

of  the  road  is  in  an  opposite  direction  to  the  elevation  of  the 
rail  it  is  more  difficult  and  sometimes  impossible  to  make  an 
easy  riding  crossing. 


Fig.  65  A 

Also,  where  a  road,  On  a  steep  grade,  crosses  the  railroad  track 
on  a  large  skew  angle,  care  must  be  taken  to  flatten  the  grade 
near  the  track  to  avoid  distorting  the  road  section  due  to  the 
difference  in  the  rate  of  grade  of  the  track  and  road.     See  Fig.  66. 


^  Edge  of  Macadam 


Fig.  66 
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Gmde  dossing  Eliminations.  In  grade  crossing  elimination 
lesigns  the  following  minimum  clearances  have  been  adopted, 
Wv.  5,  N.  Y.  S.  Dept.  of  Highways. 

Where  a  highway  is  to  be  built  under  a  railroad  the  crown 
devation  is  made  13.5'  below  the  bottom  of  the  bridge  girder, 
ind  the  minimum  right-angle  distance  between  abutments  is 
laken  as  26  feet.  For  solid  floor  railroad  through  girder  bridges 
I  clearance  of  13.5'  below  the  bottom  of  the  girder  means  a 
listance  of  from  16.5'  to  17.0'  below  the  top  of  the  rail. 

The  tables  (pp.  222-3)  are  taken  from  Spofford's  "  Theory  of  Struc- 
ores,"  and  a  pamphlet  issued  by  Heath  &  MiUigan,  of  Chicago. 
rhey  show  the  approximate  weight  of  through  girder  railway  bridges 
rith  the  depth  of  £k>or  system.  They  are  useful  for  preliminary 
stimates  on  grade  crossing  elimination. 

The  weights  given  are  for  the  steel  only;  the  weight  of  the  floor 
^tem  must  be  added.  For  purposes  of  a  rough  preliminary  esti- 
late  of  cost  the  superstructure  can  be  assum^  to  cost  $60.00  per 
m  in  place  including  all  erection  costs. 

Where  the  highway  crosses  over  the  railroad  a  minimum 
learance  of  21.0'  is  used  from  the  top  of  rail  to  the  bottom  of  the 
ighway  bridge;  the  span  varies  with  the  number  of  tracks, 
n  determining  the  length  required  it  is  best  to  get  in  touch  with 
le  railroad  engineers. 

Right  of  Way  Computations.  The  form  of  traverse  computa- 
ion  and  closure  was  shown  on  page  128. 

The  areas  of  rights  of  way  are  generally  figured  by  dividing 
he  parcel  into  rectangles,  trapezoids,  triangles,  sectors,  or  seg- 
lents,  and  figuring  these  shapes  from  the  formulae  given  in 
'able  57.  These  areas  are  checked  by  plani meter.  They  are 
sually  figured  to  the  nearest  o.oi  acre. 

The  method  of  double- meridian  distances  can,  however,  be 
sed  if  desired.  The  following  formula  and  example  are  given 
o  illustrate  this  method.  It  is  not  often  necessary  and  is  a 
edious  computation: 

The  rule  is: 

Twice  the  area  of  the  figure  is  equal  to  the  algebraic  sum  of  the 
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products  cj  the  double-meridian  distances  of  each  course  maUi/l 
by  its  latitude. 

In  which  the  double- meridian  distance  equals  the  sum  of  i 
meridian  distances  of  the  two  ends  of  each  course  referred  to  I 
meridian  drawn  through  the  most  westerly  point  of  the  pan 
and  the  latitude  of  each  course  is  reckoned  as  plus  if  the  coui 
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north  and  minus  if  it  runs  south.  Take  as  an  example  the 
of  way  parcel  shown  in  Fig,  50,  page  t;S  for  which  the 
rse  has  been  figured  and  refer  the  meridian  distances  to 
lecidian  diawn  through  the  corner  3.1'  distant  from  station 
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\rabolic  Crowns  for  Pavements. 

is  often  convenient  to  have  the  following  data  on  parabolic 
n  ordinates  in  maidng  templets  for  pavement  work, 
vide  the  distance  from  the  center  of  the  road  to  the  curb 
Iging  into  ten  equal  parts  and  call  the  total  crown  i.o;  the 
nee  down  to  the  surface  of  the  pavement  from  the  crown 
.tion  at  each  of  these  ten  points  expressed  in  terms  of  the 
crown  will  be 

Center  of  Road,  point  No.    o   o.oo 

I    o.oi 


Curb  point 


2 

3 
4 

5 
6 

7 
8 

9 


.0.04 
.0.09 
,0.16 
,0.25 
0.36 

0.49 
0.64 

0.81 


10    i.oo 


>int  10        9 


2 


I      ol 


Curb 


Table  41 

IE  Yajlds  per  100  Feet  and  per  Mile  for  Different  Width 

OF  Surface 


il 

Number  of  Sc; 

luare  Yards 

Width 

in 

Feet 

Number  of  Square  Yards 

t 

Per  TOO  Feet 

Per  Mile 

Per  100  Feet 

Per  Mile 

88.889 
III. Ill 

4,693 
5,867 

26 
28 

288.889 
3II-III 

15,253 
16,427 

133333 
155-556 
166.667 

7,040 

8,213 
8,800 

30 
32 
34 

333-333 
355.556 
377.778 

17,600 

18,773 
19,947 

177.778 

9,387 

36 

400.000 

21,120 

200.000 

10,560 

38 

422.222 

22,293 

/ 

222.222 

244.444 
266.667 

1 

11,734 
12,907 

14,080 

40 
42 

44 

444-444 
466  .66t 

23,466 

^^^^^^H 
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CHAPTER  X 

COST  DATA  AND  ESTIMATES' 

New  methods  of  construction  have  so  changed  the  cost  ci 
road  improvements  that  engineers  just  going  into  this  work,  or 
those  not  familiar  with  present  methods,  are  often  handicapped 
in  making  estimates. 

The  cost  data  given  in  this  chapter  has  been  gathered  chiefly 
since  1907  and  covers  most  of  the  items  necessary  for  estimating 
the  cost  of  any  ordinary  road  improvement.  Such  data  must  be 
used  intelligently  or  it  will  be  misleading.  Local  conditions 
should  always  govern  in  making  estimates,  and  in  presenting 
costs  it  is  best  to  describe  the  conditions  under  which  the  work 
was  performed,  leaving  their  special  application  to  the  one  using 
the  data.  An  engineer's  estimate  should  represent  the  probabk 
average  bid  price.  In  the  following  examples  of  actual  cost 
those  have  been  selected  that  are  considered  to  be  average  cases. 
Contractors  who  have  an  unusually  good  plant  and  a  well-or- 
ganized force  can  often  do  the  work  cheaper  than  is  shown;  on 
the  other  hand,  those  new  to  the  work  will  spend  more. 

Where  machinery  is  used  it  is  more  satisfactory  to  include  the 
items  of  depreciation,  repairs,  and  interest  in  a  lump-sum  item 
for  the  whole  contract  than  to  try  to  reduce  it  to  a  yardage  basis. 
These  charges  will  be  considered  under  the  heading  of  "Plant 
and  Pay  Roll." 

BITUMINOnS    AND    WATERBOUND    MADACAM    CON- 
STRUCTION 

Cost  of  Earth  Excavation. 

Table  43  shows  the  cost  of  earthwork  on  four  roads  in  New 
York  State,  which  represent  easy,  average,  and  difficult  work. 
The  cost  per  cubic  yard  includes  excavation  and  placing  in  fill, 
shaping  the  subgrade  for  the  stone,  and  trimming  the  shoulders 
and  ditches.  For  heavy  fills  with  short  hauls  wheeled  scrapers 
were  used,  but  the  largest  part  of  the  work  was  done  by  wagons. 

Cost  of  Rock  Excavation. 

The  writer  has  no  reliable  personal  data  on  ledge  rock  excava- 
tion.    Rockwork  on  roads  is  usually  a  small  item;   the  cuts  art 
small  and  consequently  expensive.     Perhaps  there  is  no  item 
more  variable  in  cost  than  small  rock  cutting.     It  is  therefore 
sa/er  to  take  as  a  basis  of  estimate  the  bids  ox  experienced  road 

'Much  of  the  data  in  this  chapter   ^a&  corvlnWuAVi  >i!bit  vgfiQDcuMk^ 
^"gin^rimg  News  SixA  publish^  Jidy  13, 1911. 
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contractors.  The  reports  of  the  Massachusetts  Highway  Commis- 
sion and  bids  on  New  York  State  work  show  that  prices  for  rock 
excavation  range  from  $1.50  to  $2  per  cubic  yard,  for  quantities 
up  to  200  or  300  cu.  yds.,  and  $1.25  to  $1.50  for  larger  quantities. 

Cost  of  Unloading  Broken  Stone. 

For  making  estimates  of  the  quantity  of  stone  required  the 
following  data  on  imported  limestone  used  on  Road  5,021  wiU 
be  usefid.  The  approximate  sizes  and  actual  weights  of  stone 
on  this  work  were  as  follows: 

No.  I  Screenings,  |  inch  screen   2,550  lbs.  per  cu.  yd. 

No.  I A  Dustless  screenings,  f  in.  screen 

with  dust  jacket 2,350    "      "     "     " 

No.  2,  I  in.  screen     2,470    "      "     "     " 

No.  3,  2    "       "         2,350    "      "     "     « 

No.  4,  3i  "       "         : 2,420    "      "     "     " 

For  purposes  of  estimating  the  cost  of  handling  imported 
crushed  stone,  the  following  weights  for  a  cubic  yard,  based  on 
railroad  weights,  will  be  used:  No.  i,  2,600  lbs.;  No.  lA,  2,400  lbs.; 
No.  2,  2,500  lbs.;   No.  3,  2,400  lbs.;   No.  4,  2,400  lbs. 

Unloading  Cars  by  Hand. 

On  Road  5,021,  with  the  author  as  engineer,  a  number  of  short 
time  (lo-hr.)  estimates  made  the  cost  of  unloading  per  ton  $0.12 
to  $0,135;  and  the  cost  per  cubic  yard  $0.14  to  $0.16.  This 
work  was  in  1910,  and  labor  cost  $0,175  P^r  hour.  The  shoveling 
was  done  from  a  steel  platform,  where  it  was  dumped  from  hopper- 
bottom  cars.  When  shoveled  from  inside  the  cars  the  cost 
may  run  as  high  as  $0.20  per  cu.  yd.  The  cost  of  shoveling  is 
usually  estimated  at  $0.15  per  cu.  yd. 

The  time  of  loading  i|  cu.  yd.  wagons  by  hand  shoveling  will 
range  from  8  to  12  minutes. 

Unloading  Cars  with  Continaoas  Bucket  Conveyor  Elevator  Plant. 

Where  there  is  a  large  quantity  of  stone  to  be  unloaded  and  it 
is  not  possible  to  install  an  elevator  plant  on  the  existing  track, 
it  often  pays  to  put  in  a  switch.  Six  cars  switches  can  be  usually 
built  for  about  $300.00.  Where  there  are  competing  railroads  no 
charge  is  usually  made. 

The  following  data  is  from  Road  No.  5,046,  season  of  1910, 
with  labor  at  $0,175   per  hour.     The   plant   consisted  of  an 
ordinary  continuous  bucket  conveyor  operated   by  a   6  H.P. 
gasoline  engine;   the  bin  had  a  capacity  of  100  tons. 

The  average  fuel  consumption  was  five  gallons  of  gasoline 
per  day.     Cost  of  fuel  and  oil  averaged  $1.00  per  day. 

The  average  force  at  the  elevator  was  one  foreman  and  three 
helpers. 

A  total  of  4,670  tons,  or  3,890  cu.  yds.,  vcais  wxAo^d^d «.t  $0,084 
per  ton,  or  $0,101  per  cu.  yd. 
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cost  was  divided  as  follows: 

Setting  up  elevator  at  Scottsville   $  60.00 

"   Mumford 40.00 

"  Wheatland  ....     75.00 

Labor  of  operation    194.00 

Gasoline  and  oil 25.00 

Total $394.00 

\  method  of  unloading  is  not  only  cheaper  than  hand 
ds  but  also  cheapens  the  cost  of  hauling,  as  no  time  is  lost 
ling  the  wagons.  The  time  of  loading  a  i^  cu.  yd.  wagon 
»ins  ranges  from  45  to  55  seconds.  There  is  also  a  saving 
demurrage  if  the  bin  holds  two  or  three  car-loads, 
ator  unloading  saves  about  ^0.04  per  cu.  yd.  on  team  time 
x>ut  $0.05  on  the  unloading,  making  a  total  saving  per 
yard  of  about  $0.09.  It  usually  costs  about  ^150  to  ship 
ant  and  install  it  the  first  time,  so  elevator  unloading  is. 
opted  unless  there  are,  at  least,  2,000  cu.  yds.  of  stone 
d. 

ing  Cars  from  Coal  Trestle. 

\  data  is  taken  from  the  Scottsville  road  repair  work, 
arold  Spelman,  Engineer,  season  of  1910;  labor  at  $0.20 
ur;  average  force,  two  or  three  men.  A  total  of  4,400  tons 
iloaded.     The  cost  divided  as  follows: 

Rent  of  trestle    $125.00 

Labor 232.00 

Total    $357.00 

Cost  per  ton    o.oSi 

cu.  yd 0.098 


II      it 


ing  from  Canal  Boats. 

plant  used  consisted  of  a  portable  bin  and  a  horse-operated 
:;  Road  5,014;  Mr.  James  Anderson,  contractor.  The 
e  amount  of  stone  unloaded  per  day  was  150  tons.  The 
as  $0,115  per  ton,  or  $0.14  per  cubic  yard,  divided  as 
r. 

team  and  driver .....$  4.00  (lo-hour  day) 

foreman 2.50     "      "       " 

laborers,  at  $1.75  per  day      ....    10.50 

Total      $17.00 

Hauling  Broken  Stone. 

le  44  shows  the  cost  of  hauling  stone  on  good  roads  as  for 
work.  The  wagons  were  loaded  from  bins,  so  no  time  was 
loading. 


((  it  n 

i<        tt         ft 
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Table  44.  — Haul  of  Stone  on  Good  Roads  fox  Repah  Wok 


Road 
No. 


I 
I 
2 
2 

2 
2 
2 

3 

3 
3 
3 
3 
3 


Engineer  in  Charge 


Harold  Spclman  . . 
Harold  Spelman  . . 

G.  G.  Miller 

G.  G.  Miller 

G.  G.  Miller 

G.  G.  Miller 

G.  G.  Miller 

G.  G.  Miller 

G.  G.  Miller 

G.  G.  Miller 

G.  G.  Miller 

G.  G.  Miller 

G.  G.  Miller 


Price  per 

LenfLtb 

Hour  of 

of  Haul. 

Teams 

Miles 

$0.50 

1.8 

0.50 

1.2 

0.62 

2.0 

0.62 

1.7 

0.62 

I.I 

0.62 

0.6 

0.62 

0.2 

0.62 

3.0 

0.62 

2.75 

0.62 

2.5 

0.62 

2.0 

0.62 

1-75 

0.62 

IS 

Cost 

per  Ton. 

Mae 


$0.20 
0.24 
0.20 
0.215 
0.23 
0.25 

.  0.50 
0.17 

0.17s 

0.175 
0.19 

0.215 

0.23 


$Ol24 

astt 

0.U 

0.36 

O.J75 

ajo 

ate 

a205 

a2i 

asi 

0.23 
0.JO 
aaS 


Road  No.  1,  lo-hour  day. 

Roads  No.  2  and  3,  8  hours  per  day. 

Note. — Cost  per  ton  mile  on  Roads  No.  2  and  3  equals  th 
cost  per  yard  mile,  for  teams  at  $0.50  per  hour. 

VoT  hauling  on  bad  roads  for  new  construction  I  have  thcW 
lowing  personal  data: 

Clover  Street  Road,  Section  i,  season  1908;  teams  at  $04ii 
per  hour;   dump  wagons  loaded  from  bins;   no  time  lost.  : 

0,000  cu.  yds.,  0.6  mile  haul  cost  26  cts.  per  ton,  or  31  cia.  W 

yard  mile. 
4,500  cu.  yds.,  0.6  mile  haul,  cost  24  cts.  per  ton,  or  29  cls.p« 

cubic  yard  mile. 

Scottsvillc-Mumford  Road,  season  of  191 1;  teams,  $0.45?^ 
hour.     300  cu.  yds.,  i  mile  haul  (including  a  5  per  cent  suMt 

hill  1,200  ft.  long)  cost  $0.30  per  yard  mile. 
500  cu.  yds.,  0.5-mile  haul  (level  road  in  bad  condition)  00^ 

$0.30  per  yard  mile. 

Hauling  Field  Stone  and  Filler.  This  material  was  hado 
from  fields  and  pits  where  it  was  loaded  by  hand,  and  considenbi 
time  thus  lost. 

On  the  Clover  Street  Road,  Section  i,  season  of  1908,  wit 
the  author  as  Engineer,  and  teams  at  S0.45  per  hour,  10,000  a 
yds.  of  field  stone  were  hauled  an  average  of  one  mile  for  |o^ 
per  yard  mile. 

On  the  Scottsville-Mumford  Road,  season  of  191 1,  with  tk 

author  as  Kngineer.  and  teams  at  $0.45  per  hour,  500  ydsi 

field  stone  were  hauled  0.2  mile  at  $0.14  per  cu.  yd.,  or  I0.7 

per  yard  mile.     On  the  same  work  200  cu.  yds.  of  filler  «« 

hauled  0.2  mile  for  $0.15  pet  cu.  vA.,oi  Vi.n^"^x>j^dtaite< 
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For  all  short  hauls  under  \  mile  the  cost  is  high  and  practically 
the  same  on  account  of  the  larger  percentage  of  time  lost  in 
loading. 

Mechanical  Hauling.  This  method  has  not  come  sufficiently 
into  general  use  to  be  considered  in  estimating,  in  the  writer's 
opinion,  unless  it  is  difficult  to  get  teams.  It  rarely  pays  to 
use  traction  engines  for  less  than  a  three-mile  haul,  even  on  a 
hard  road.  In  case  they  are  used  a  light  engine  or  road-roller 
and  a  train  of  ordinary  dump  wagons  are  more  satisfactory  than 
a  heavy  engine  and  large  5  or  7  cu.  yd.  cars.  For  maintenance 
and  repair  work,  however,  some  style  of  automobile  truck  will, 
doubtless,  be  used  in  the  near  future.  Under  favorable  cir- 
cumstances mechanical  hauling  will  cost  about  12  to  15  cents 
per  yard  mile. 

Cost  of  Loading  Local  Fence  Stone  into  Wagons. 

Road  No.  5,046,  W.  G.  Harger,  Engineer,  season  of  191 1, 
Labor  $0,175  P^r  hour. 
2,200  cu.  yds.,  boulders  loaded  at  a  cost  of  $0.14  per  cu.'  yd. 

A  gang  of  six  men  will  take  from  9  to  13  minutes  in  loading  i^ 
cu.  yds.,  depending  upon  the  size  of  the  stone. 

Road  No.  495,  £.  £.  Kidder,  Engineer,  season  of  191 1, 
Labor,  $0,175  P^^  hour. 
1080  cu.  yds.,  boulders  loaded  at  a  cost  of  $0,184  pcr  cu.  yd. 

Road  No.  492,  £.  E.  Kidder,  Engineer,  season  of  191 1, 
Labor  $0,175  P^^  hour,  300  cu.  yds.,  loaded  at  $0,137  per  cu.  yd. 

COST  OF  SPREADING  STONE  AND  BINDER 

Table  45,  page  234,  gives  the  cost  of  spreading  broken  stone 
on  several  New  York  State  roads. 

The  ratio  of  the  loose  to  the  rolled  depths  varies  with  the  size 
of  the  fragments  and  the  depth  of  the  course.  Table  46,  page 
234,  gives  the  averages  of  the  results  obtained  from  1,000  test 
holes  made  by  the  writer  on  three  separate  roads.  The  last 
column  of  the  table  also  gives  the  weights  of  No.  3  and  No.  4 
stone  required  to  make  a  cubic  yard  of  rolled  macadam.  The 
amount  of  filler  or  binder  per  cubic  yard  of  rolled  macadam  is 
given  in  Table  47,  page  234. 

The  excessive  amount  of  filler  required  for  the  2-inch  bitumi- 
nous macftdam.  Table  47,  was  due  to  a  layer  of  screenings  placed 
under  the  No.  3  stone,  all  of  which  did  not  act  as  a  filler.  The 
small  amount  required  for  the  3-inch  bituminous  macadam  was 
due  to  the  fact  that  the  bituminous  binder  partially  filled  the 
voids  before  the  screenings  were  applied. 

The  ratio  of  loose  to  rolled  depth  for  boulder  sub-base  is 
variable. 

If  the  size  of  boulders  is  practically  the  same  as  the  depth  of 
the  course,  that  is,  if  there  is  only  one  layer  of  stone,  the  loose 
depth  and  the  rolled  depth  will  be  tVve  sam^.    ^^V^^t  >(iwi.x^  -^^ 
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two  or  three  layers  of  boulders  the  ratio  is,  approximatdf, 
1:1.25,  i.  e.,  a  12-inch,  rolled  depth  would  require  is-ind 
loose  depth  for  boulder  averaging  5  to  6  inches  in  diameter. 

Table  45.  —  Spreading  Stone 


Refer- 
ence 
No. 


I 
2 
2 
3 


3 

3 

4 

'5 


Engineer 


Labor 
Wage 


Harold  Spclman    . .  $0.20 

\V.  G.  Ilargcr j    0.175 

\V.  G.  Ilargcr '    0.17s 

W.  G.  Harger 0.20 


Depth  of 
Loose 
Spread 


4  m. 
sHn. 
4  in. 
6" 


Amount 
Spread 


Cost 


Placing  sub-base  stone 


\V.  G.  Harger 0.175 

W.  G.  Harger I  0.175 

E.  E.  Kidder '  0.175 

E.  E.  Kidder |  0.175 


7  in. 

10  "  gravel 
6   " 
6   " 


7000  tons 

IO.O66: 

6000  C.l. 

yds. 

0.05 

4SOO   " 

•• 

0.07 

1000   " 

«a 

100  •• 

•< 

200  *' 

(1 

— i_ 

267    " 

<l 

— 

IO«2     " 

41 

^"^ 

Cort 
perTooI«.f* 


looB 
ao6 

oios 


ato 

ao7 
0.11 


Table  46.  — Ratio  of  Loose  to  Rolled  Depth 


Size  of  Stone 


No.  4 
No.  4 

No.  3 
No.  3 


Rolled  Depth 

Loose 

Depth 

Ratio 

4 

in. 

5.-2 

in. 

1.3 

3 

(( 

3.8 

ti 

1.27 

3 

(( 

3.9 

i< 

1-3 

2 

it 

2.4 

«< 

1.2 

Weight  iw 

CubK  \ud 

Rolled  Meuoie' 


3120  lbs. 
3050 

31-0 
2SS0 


•t 


it 


Table  47.— Amount  of  Filler  and  Binder  Required 


Kind  of  Course 


Bottom  Stone   

Waterbound  top' . . . 
3-in.  Bit.  mac.  top*. 
2-in.  Bit.  mac.  top'. 
Sub-base    


Kind  of  Filler 


Sand 

No.  I 

Nos.  I A  and  2 

No.  l:\ 

(i  ravel 


Amount  of  Filler 

per  Cu.  Yd.  of 

Rolled  Macadam 


I  0.3s  CU.  yds. 

i  0-50 


(i 


0.37 
0.60   " 

0.33    " 


<< 


(( 


(< 


Weight  of 

Screeninesper 

Cu-Yd-flTRoB- 

ed  Macidaa 


1300  lbs. 
900 
1440 


ii 


n 


»  Suh-bise  bottom  course.    The  cost  includes  sled^int;  of  all  large  stone. 

« Wei^bt  of  cubic  yard  loose  2,400  lbs.,  as  noted  at  the  bednnin^  of  the  chapter- 

'  Weight  of  cubic  yard  loose  2,400  lbs.    Filler  for  top  course  includes '"^ 

coat. 
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Cost  of  Loading  Filler  at  Pit  On  the  Clover  Street  Road, 
Section  i,  during  the  season  of  1908,  with  the  author  as  engineer 
and  labor  at  $0.15  per  hour,  400  cu.  yds.  of  sand  filler  were  loaded 
at  a  cost  of  $0.12  per  cu.  yd.  On  the  Scottsville-Mumford 
Road,  with  labor  $0,175  P^i'  bour,  200  cu.  yds.  were  loaded  at  a 
cost  of  $0.13  i>er  cu.  yd. 

Cost  of  Spreading  Filler  by  Hand  from  Piles  Spaced  20'  to  30' 
Apart.  On  the  Clover  Street  Road,  Section  i,  during  the 
season  of  1908,  with  labor  at  $0.15  per  hour,  400  cu.  yds.  of 
sand  filler  were  spread  at  a  cost  of  $0.10  per  cu.  yd.  On  the 
Scottsville-Mumford  Road,  with  labor  at  $0,175  per  hour,  the 
cost  of  spreading  200  cu.  yds.  was  $0.20  per  cu.  yd.  This  in- 
cludes some  hand  brooming,  but  most  ot  the  brooming  was 
done  by  a  broom  attachment  on  the  roller. 

Cost  of  Spreading  No.  lA  and  No.  2  Stone  for  Bituminous 
Macadam  Top  Cotirses  and  Brooming  Same.  A  layer  of  No. 
lA,  1  inch  deep,  was  spread  over  the  bottom  course.  On  this 
was  spread  2^  inches  of  No.  3  stone.  After  rolling  bitumen  was 
poured  over  this  course  and  a  }-inch  layer  of  No.  2  stone  spread 
and  rolled;  the  excess  of  No.  2  was  broomed  off  and  a  J-inch 
wearing  coat  of  No.  lA  placed. 

The  cost  of  spreading  for  a  2-in.  top  was  as  follows: 

Cost  of  No.  lA  and  No.  2  per  cu.  yd $0,282 

Cost  per  ton  of  No.  lA  and  No.  2    0.210 

Eight  hundred  tons  of  this  material  were  handled  with  labor 
costing  $0,175  per  hour. 

For  a  3-in.  top  course  the  procedure  was  the  same,  omitting  the 
layer  of  No.  lA  under  the  No.  3  stone.  The  cost  of  handling 
400  tons  for  the  3-in.  course  was  as  follows: 

Cost  per  cu.  yd  of  No.  lA  and  No.  2     ...  $0.31 
Cost  per  ton  of  No.  lA  and  No.  2    0.26 

Cost  of  Spreading  Screenings  with  Cross  Dump  Wagons. 
Wet  dust  screenings  for  waterbound  macadam  cannot  be  suc- 
cessfully spread  in  this  manner.  P'or  spreading  dry  dust  screen- 
ings. No.  2  stone  or  duslless  screenings  for  bituminous  macadam, 
this  method  has  proved  the  cheapest  and  most  satisfactory. 
On  Road  5,046,  season  of  1910,  a  number  of  short-time  estimates 
made  the  cost  of  spreading  by  this  method  about  $0.06  per  cu.  yd. 
The  cost  of  brooming  is  slightly  increased  over  that  required 
by  the  hand-spreading  method,  but  not  enough  to  counteract 
the  advantage  in  the  use  of  the  wagon  spreading.  On  the  Clover 
Street  Road,  season  of  1908,  1,000  cu.  yds.  of  screenings  were 
thus  spread  for  about  $0.07  per  cu.  yd. 

COST  OF  ROLLING 

In  the  following  costs  lubricating  oil  is  not  included,  as  no 
reliable  data  was  obtained  as  to  thic  quantity  used.     Gillette's 
"  Handbook  of  Cost  Data  "  gives  this  item  as  $o.yi  \>^t  ^k^-^-^  >is*- 
ing  this  amount  would  increase  the  costs  ^vve.Tv>Q<iVN4  Vtoxsv<i.i\si 
o,j  of  a  cent  per  cu.  yd.     The  amount  ol  coa\  \i^t^  '«^'5»  n^vwo>^'^ 
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estimated  at  from  450  to  500  lbs.  per  day.     As  before  mentioiied, , 
items   of   depreciation,   repairs   of   plant  and   equipment,  and 
interest  are  not  included  in  the  cost  per  cubic  yard  of  stone  con- 
solidated. 

On  Road  5,025,  under  Mr.  £.  E.  Kidder,  Engineer,  during  the 
season  of  19 10,  the  cost  of  rolling  3,400  cu.  yds.  of  bottom  stooe 
and  1,700  cu.  yds.  of  top  stone,  loose  measure,  was  as  follows: 

Rollerman,  4  months,  at  $90 $360.00 

Coal,  J  ton  per  day,  at  $2.70  per  ton,  80  days  .     55.00 

$415.00 

The  time  and  cost  were  divided  as  follows: 

i  on  subgrade $  69.00 

I  on  bottom  stone  4"  deep 138.00 

J  on  bituminous  top  stone,  2"  deep 208.00 

There  was  no  cost  for  water.  The  roller  worked  80  days  ia 
4  months.  The  cost  of  rolling  per  cubic  yard  of  loose  material 
was:  bottom  stone,  $0.04,  and  top  (bituminous  macadam)  $0.12. 

On  Road  492,  Mr.  E.  £.  Kidder,  Engineer,  season  of  1910, 
the  cost  of  rolling  3700  cu.  yds.  of  4-in.  bottom  course  waslo.05 
per  cu.  yd.,  and  for  3,200  cu.  yds.  of  waterbound  top  stone  $o.os 
per  cu.  yd.  Both  quantities  refer  to  loose  measure.  The  rolltf 
worked  74  days  in  three  months.  The  puddling  was  done  by  » 
pipe  line  and  hose  and  brooms  attached  to  the  roller.  The  roll- 
erman's  wages  were  $90.00  per  month  and  coal  $2.75  per  ton. 

On  Road  5,021  the  cost  of  rolling  a  3-in.  bituminous  top  course 
per  cubic  yard  of  loose  material  was  $0.09;    for  a  2-in.  top  $0.11. 

On  Road  5,046  a  roller  working  in  days  consolidated 
1,850  cu.  yds.  of  field  stone  sub-base,  4,300  cu.  yds.  of  bottom 
stone,  and  2,150  cu.  yds.  of  top  stone,  loose  measure.  The  dcptk 
of  the  sub-base  was  6  in.  (rolled  measure),  the  bottom  course  4  in^ 
and  the  top  course  2^  in.,  bituminous  macadam.  The  roller- 
man's  wages  were  $90  per  month  and  coal  cost  $2.75  per  ton  for 
i  ton  per  day.  There  was  no  cost  for  water.  The  costs  weie 
divided  as  follows:  sub-base,  $0,035;  bottom  stone,  $0,045; 
top  stone,  $0,105  per  cu.  yd.,  loose  measure. 

COST  OF  CRUSHING  STONE 

As  a  basis  for  all  cost  estimates  for  crushing,  it  is  necessary  to 
know  something  of  the  percentage  of  the  different  sizes  of  the 
crusher  output.     Table  48,  page  237,  gives  the  results  of  tests • 
made  by  Mr.  Archer  White  during  the  season  of  loio  on  or-- 
dinary  limestone  and  sandstone  boulders  composing  the  average ' 
field  stone.     The  crusher  used  was  the  largest  Acme  portable  i 
crusher.     The  tailings  were  recrushed  and  the  stone  divided  into  ! 
four  grades:  No.  i,  }-in.  screen;  No.  2,'iJ-in.;  No.  3,  2j-in..  and 
^^o-  4.  3H^-     l^'rom  this  data  it  may  be  seen  that  i  cu.  yd.  oi 
field  stone  makes  i  cu.  yd.  of  crushed  stone,  and  that  it  takes 
approximately  1.8  cu.  yds.  of   field   stone   to  make   i  cu.  yd. 
rolled  measure  of  sizes  Xos.  3  and  4.    T\vt  ct>aL<9^^x  tA^le  wtt 
set  to  produce  both  top  and  bottom  stont  s\ia'&. 
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The  cost  of  labor  was  $0.20  per  hour.  The  engineman  of  the 
crusher  plant  received  $0.25  per  hour  and  the  foreman  $0.30 
per  hour.  The  field  stone  was  loaded  from  a  pile  near  the  crusher 
into  small  dump  cars  running  on  a  movable  track.  The  loaded 
cars  were  drawn  to  the  crusher  by  a  small  hoisting  engine.  The 
cost  of  bringing  the  field  stone  to  the  crusher  pile  is  not  included. 
The  force  loading  consisted  of  one  foreman,  eleven  laborers,  and 
one  engineman.  The  force  crushing  consisted  of  one  foreman, 
four  laborers,  and  one  engineman.  In  eight  days  1,500  cu.  yds. 
were  crushed.  The  cost  of  the  entire  output  per  cubic  yard 
of  loose  measure  was  divided  as  follows: 

Loading  stone  for  crusher $0,133 

Hauling  to  crusher 0.013 

Feeding  to  crusher     0.061 

Engineer  to  crusher 0.013 

Fuel  and  oil 0.030 

Loading  crushed  stone  from  bins o.oio 

Total    $0,260 

Crushing  Granite  Hardheads  and  Sandstone.  The  following 
data  is  from  the  records  of  the  Clover  Street  Road,  Section  i, 
season  of  1908.  Labor  cost  $0.15  per  hour  and  the  engineman 
received  $3  per  day.  The  crusher  used  was  a  10"  x  20"  Climax. 
A  total  of  5,000  cu.  yds.  of  granite  were  crushed  at  a  cost  per 
cubic  yard,  loose  measure,  of  $0.19;  7,000  cu.  yds.  of  sandstone 
boulders  were  crushed  at  a  cost  of  $0. 103  per  cu.  yd.,  loose  measure. 
These  figures  are  for  the  total  output  of  the  crusher  and  include 
the  costs  of  feeding  to  the  crusher,  the  pay  of  the  engineman, 
coal,  oil,  but  not  the  delivery  to  the  crusher.  On  the  Scottsvillc- 
Mumford  Road  under  similar  conditions  the  cost  varied  from 
$0.13  for  granite  and  sandstone  to  $0.19  for  granite  hardheads 
per  cubic  yard  of  loose  measure.  . 

Crusher  force  on  the  Clover  Street  and  Scott sville- Mumford 
roads  as  follows: 

I  foreman     $4.00 

5'  men  feeding  crusher    2.00  each 

I  man  tending  screen 2.00 

I  engineer 3.00 

Fuel  and  oil   4.00 

Where  bottom  stone  alone  is  being  crushed  from  local  material 
the  crusher  is  set  to  produce  a  larger  amount  of  No.  4  stone, 
and  the  proportion  of  the  screenings  to  the  No.  3.  and  No.  4  size 
is  different  than  given  in  Table  48. 

In  the  following  data  from  Road  5,046,  Scottsville-Mumford, 

mentioned  above,  the  No.  3  and  No.  4  and  tailings   were  used 

as  the  bottom  course  stone,  the  tailings  being  broken  into  proper 

sizes  after  the  stone  was  spread  by  VLTvaiw^ug  hammers.     The 

cost  of  knapping  will  vary  from  ^0.01  Vo  ^0.0^  v^i  01.  ^^  «( 
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loose  bottom  stone,  depending  on  the  number  of  tailings  pro- 
duced. When  the  crusher  is  set  correctly  to  deliver  a  good  grade 
of  stone  for  bottom  course,  this  charge  should  not  amount  to  over 
$0.01  per  cu.  yd.  of  total  output  and  is  properly  chargeable 
against  crushing,  which  increases  the  crushing  costs  given  above 
from  $0.13  to  $0.14  and  from  $0.19  to  $0.20. 

The  size  of  screens  were  J",  i^',  2V',  and  3}". 

Crasher  Set-up,  No.  i.  60%  Granite,  30%  sandstone,  10% 
soft  rock. 

Total  screenings,  No.  i    240  cu.  yds. 

'*     No.  2 no  record 

"     No.  3,  4,  and  tailings 1,500  cil  yds. 

Crasher  Set-up,  No.  2.  50%  granite,  40%  sandstone,  10% 
soft  rock. 

Total  screenings 350  cu.  yds. 

*'      No.  2    no  record 

"      No.  3,  4,  and  tailings 2,600  cu.  yds. 

For  this  same  road  the  amount  of  field  stone  required  per 
loose  yard  of  bottom  stone  is  shown  by  the  following  figures. 
Approximately  1.5  yard  loads  were  drawn  to  and  from  crusher. 


ViU 

Number  Loads  of 
Field  Stone  Crushed 

Number  Loads  of 

No.  3  and  No.  4  and 

Tailings  Drawn  from 

the  Crusher 

IQII 

Aorii    2A 

114 
86 

87 
104 

lOI 

106 

93 
70 
69                 , 

84 
82 

"     2«; 

*D 

"         26     

M  av      s 

6 

"       8 

Re 

"       0 

00                             "J^               1 

V 

"    10 

w 
86 

107 
no 

102 

1^ 
72 

95 
80 

"   I, 

"       12 

"         17 

Ri 

*.5 

1 

Totals 

1 102  loads 
1653  cu.yds. 

891  loads 
1336  cu.yds. 

1 

On  this  work  1.24  cu.  yds.  field  stone  produced  i  cu.  yd.  loose 
measure  bottom  stone,  and  1.61  cu.  yds.  fL«\.d  ^VorvR.  \»\<^>i.^^^ 
X  cu.  yd.  bottom  stone  rolled  measure. 
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Table  48,  page  237,  gives  1.8  cu.  yds.  field  stone  to  i  c 
rolled  macadam,  but  this  apparent  difference  is  explainc 
the  fact  that  the  tailings  were  recrushed  and  the  crush* 
closer  to  produce  top  as  well  as  bottom  stone,  consequent 
per  cent  of  No.  i  and  No.  2  is  higher  than  for  the  dati 
given. 

Data  obtained  by  Mr.  Frank  Bristow,  First  Assistant  Eng 
New  York  State  Department  of  Highways,  indicates  that  i  c 
of  field  stone  produces  i.i  cu.  yds.  crushed  stone  when  sepa 
by  screens  of  \'\  ij",  2I",  and  3I";  this  is  slightly  more  tbt 
writer's  experience  has  indicated. 

When  local  stone  is  crushed  for  bottom  only,  the  screenin 
used  as  filler  for  that  course,  and  in  a  case  of  this  kind  it  is  i 
sary  to  know  how  much  additional  filler  must  be  estin 
Take  the  case  of  the  Scottsville-Mumford  Road  (crusher  s 
No.  2)  given  above.  Twenty-six  hundred  cubic  yards 
measure  will  consolidate  under  the  roller  to  approxin 
2,000  cu.  yds.  of  rolled  bottom  stone.  This  will  require  2,< 
0.35  <»  700  cu.  yds.  filler.  The  amount  of  screenings  pro< 
in  crushing  2,600  cu.  yds.  of  bottom  was  350  cu.  yds.,  sh< 
that  for  cases  similar  to  the  one  given,  half  of  the  total 
required  must  be  obtained  from  other  sources. 

Cost  of  Sledging  Boulders.     A  certain  percentage  of  the 
stone  must  be  broken  to  reduce  them  to  a  proper  size  for  crus 
This  is  done  by  blasting  or  sledging;   where  the  boulders  m 
be  broken  only  two  or  three  times  to  reduce  it  to  a  usable 
sledging  is  the  cheaper  method.     The  cost  of  both  of 
methods  is  so  variable  that  any  cases  cited  would  not  be  of 
value.     As  given  on  page  260,  under  Standard  Estimate 
author  allows  arbitrarily  $0.40  per  cu.  yd.  for  all  boulders  act 
sledged  or  blasted,  and  in  making  estimates  the  per  cent 
treated  in  this  manner  is  approximated  roughly. 

As  a  matter  of  interest  Gillette,  in  his  cost  data  on  rock' 
gives  the  cost  of  sledging  small  sandstone  boulders  as  ap| 
mately  0.05  per  cu.  yd.,  and  the  cost  of  mud  capping  at  i 
0.35  per  cu.  yd. 

COST  OF  CRUSHING    (continued) 

The  following  data  is  taken  from  the  Report  of  the  M 
chusetts  Highway  Commission  and  refers  to  work  doi 
Newton,  Mass.  The  crushed  stone  was  divided  into  the  fc 
ing  sizes: 

Tailings 205  cu.  yds ^  7-5% 

2^"  stone    692  cu.  yds 57    % 

Screenings  and  i"  .  .   300  cu.  yds 25.5% 

Totals 1197  100    % 

The  material  was  cobblestones  and  labor  probably  cost 
per  hour,  teams,  $0.45.     The  cost  pei  cubic  yard  at  the  cr 
was  $0.44$,  or  $0.33  per  ton. 
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The  cost  per  cubic  yard  was  divided  as  follows: 

Teaming  to  crusher $0.314 70.6% 

Feeding  to  crusher    0.033 7*4% 

Engineer  of  crusher 0.029 6.5% 

Repairs,  coal,  oil,  etc 0.045 10.1% 

Watchman 0.024 5'4% 

Total    S0.445         100% 

Material.     Conglomerate. 

Amount  broken 1,288  cu.  yds. 

Amount  broken  per  hour 8.9   **     ** 

Divided  as  follows:  Weight 

per  cu.  yd. 
loose 

Tailings,  378  cu.  yds 29.3% 2,549  lbs. 

2\"  stone,  668  cu.  yds 51 -9%-  •  •  •  2,368    '* 

Screenings  and  i",  242  cu.  yds.  ...  18.8% 2,727    '* 

ost  per  cu.  yd.  in  bins  at  crusher $1,112 

ost  of  per  ton  in  bins  at  crusher 0.885 

Divided  as  follows:  Cost        Per  Cent 

Powder  and  repairs $0,018  1.6 

Labor  drilling .249  22.3 

Sharpening  drills  and  tools    023  2.1 

Breaking  stone  for  crusher    420  37.8 

>ading  stone  for  crusher    127  11.4 

Hauling  stone  for  crusher 062  5.6 

Feeding  crusher 053  4.7 

agineer  for  crusher 038  3.5 

>al,  oil,  and  waste    050  4.5 

Moving  and  setting  crusher    023  2.1 

Watchman .049  4.4 

Total $1,112         100 

Material.     Greenish  trap. 

Amount  broken    3»i55  cu.  yds. 

Amount  broken  per  hour    7-7    "      " 

Divided  as  follows:  Weight 

per  cu.  yd. 
loose 

Tailings,  1,004  cu.  yds 3 18%         2,457  lbs. 

2\"  stone,  1,618  cu.  yds 5i-3%         2,383 

1    stone,  323  cu.  yds 10.2%         2,277 

Screenings,  210  cu.  yds 6.7%         2,585 

3St  per  cu.  yd.  in  bins  at  crusher $0,898 

3st  per  ton  in  bins  at  crusher   0.745 

Divided  as  follows: 

Cost     Per  Cent 

Labor,  steam,  drilling $0,092  10.3 

Coal,  oil,  waste,  powder,  etc 0.084  9-4 

Sharpening  drills  and  tools   o.o^^  '\.*\ 
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Breaking  stone  for  crusher    0.279  31.0 

Loading  stone  for  crusher   0.098  ii.o 

Hauling  stone  for  crusher 0.072  8.0 

Feeding  crusher 0.053  5.9 

Engineer  of  crusher 0.031  3.4 

Coal,  oil,  waste,  and  repairs  of  crusher    0.079  ^-^ 

Other  repairs _°°41  4»S 

Total $0,898  100 

W.  E.  McClintock,  Engineer,  Chelsea,  Mass.,  season  1887: 

Labor   $0. 20  per  hour 

Teams 0.45    "      " 

Material,     Trap  rock. 

Amount  broken 1,718  tons 

Stone  delivered  at  crusher  by  subcontractor  for  $0.75  per  to 

Cost.     Tools    $0,013 

Oil,  waste,  etc 0.016 

Fuel 0.050 

Stone  at  crusher    0.750 

Crushing  (labor)    0.194 

Total  per  ton    $1023 

Diistless  Screenings.  The  construction  of  bituminous  ma 
adams  requires  a  dustless  screening  product  referred  o 
the  beginning  of  the  chapter  as  No.  lA;  it  is  obtained  by  r 
screening  the  ordinary  screenings  (}"  product)  to  remove  tl 
dust;  the  percentage  of  dust  in  the  ordinary  screenings  will  vai 
according  to  the  stone  crushed  and  the  setting  of  the  crush 
jaws.  The  author  has  no  reliable  data  for  small  crushing  plant 
but  through  the  courtesy  of  the  Buffalo  Cement  Company  tl 
following  data  is  given  for  their  output  of  limestone  screening 
at  Buffalo,  N.Y. 

Size  of  screen  opening  for  ordinary  screenings \" 

Size  of  dust  screen  openings    J" 

Cu.  yds.  of  dust  for  i  cu.  yd.  ordinar>-  screenings a^ 

"        "    "   dustless  screening  i  cu.  yd.  ordinary  screening.  o.( 

The  same  data  from  the  Leroy  plant  of  the  General  Crushe 
Stone  Company  gives: 

Size  of  screen  openings  for  ordinary  screenings f "  to  {j 

"        '*  dust  screen  openings   \"  "  ^ 

Cu.  yd.  of  dust  per  cu.  yd.  ordinary  screenings    33^ 

i<      n   n  Dustless  screenings  per  cu.  yd.  ordinary  screenings  67^ 

Percentage  of  screenings  to  total  output  for  Leroy  limestor 
approximates  15%. 
The  above  furnished  to  the  writer  through  the  courtesy  of  th 
General  Crushed  Stone  Company,  ol  IL^isVotv,  Pa. 
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cost  OF  STONE  FILL  BOTTOM  COURSE 

The  following  data  is  taken  from  Road  5,021,  season  of  1910; 
labor  cost  $0,175  P^r  hour,  teams  $0.40  per  hour. 

The  amount  placed  was  10,000  cu.  yds.  rolled  measure.  The 
average  rolled  depth  was  i.i  ft.  The  surface  was  carefully 
brought  to  line  and  grade,  allowing  a  variation  of  i  in.  either  above 
or  below,  which  inequality  was  taken  out  with  the  top  stone. 
A  3  in.  bituminous  top  course  was  placed  directly  on  this  fill. 
The  top  layer  of  bottom  stone  was  sledged  to  reduce  all  stones 
to  8  in.  or  under.  Flint  stone  was  used  tofiill  the  top  6  in.  and  to 
surface  the  rough  fill.  The  bottom  course  was  01  fence  stone, 
hauled,  on  an  average,  about  one-half  mile.  I  estimate  that 
one  cubic  yard  rolled  measure  requires  1.25  cu.  yds.  loose.  The 
cost  of  the  bottom  course  per  cubic  yards  rolled  measure  was 
$1.03,  divided  as  follows: 

Loading  1.25  cu.  yds $0.19 

Hauling  1.25   '*      "  i  mile   0.20 

Placing  1.25    "      "    and  rolling 0.24 

Sledging 0.15 

Flint o.io 

Cost  of  fence  stone o.  1 5 

Total,  per  cu.  yd $1.03 

Cost  of  Sub-base  Bottom  Course.  Road  495,  Parma  Corners- 
Spencerport.  E.  E.  Kidder,  Engineer.  1,082  cu.  yds.  placed, 
average  depth  6".     Not  much  sledging  required. 

Cost  of  stone,  i  cu.  yd $0.10 

Loading,  per    i    "      *'     0.184 

Hauling  i  mile   0.30 

Laying,  sledging  and  spreading  filler  ...   0.136 

Rolling 0.02 

Superintendence 0.02 

Cost  of  filler  in  pit  nothing  (gravel  used).    0.00 

Loading  J  cu.  yd 0.04 

Hauling  |  cu.  yd.  i  mile  .0.10 

Total    0.90 

COST   OF   APPLTmO   BITUMmOUS   BINDER 

The  following  data  is  taken  from  Road  5,021,  season  of  1910. 
Bituminous  macadam,  penetration  method: 

Labor. 

Kettleman $0.20  per  hour 

Spreaders    0.20   "      " 

Plain  labor   0.175  "      *' 

Teams 0.45    "      " 

A  pparaius. 

4  bbl.  kettle  (coal  burner)   "^VX-MTSitTLXskft^X^^ 

2  bbl.      "      (wood  burner) \.o  ^oc?  ^  . 
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1 2  ton  Kelly  roller 

Spreading  pots  having  a  vertical  slot  }"  wide. 

Organizaiion. 

Rollerman  acting  as  foreman 

I  Spreader 

I  Kettleman 

3  Laborers 
Average  speed  350  ft.  of  16  ft.  road,  per  day. 

Quantities. 

16,850  gals,  laid  in  one  coat  covered  13,330  sq.  yds.,  or 
gals,  per  sq.  yd. 

Cost  per  gal.     Unloading  and  hauling  {  mile $o.( 

Heating     o.< 

Spreading o.< 

Rolling  and  supervision o.< 

Total   .$o.( 

Bituminous  material  f.o.b.  Caledonia o.c 

Total  per  gal $0.1 

Second  quantity. 

Forty-two  thousand  gallons   covered    24,000  sq.  yds.  in 
coat,  an  average  of  1.75  gals,  per  sq.  yd. 

Cost  per  gal.     Unloading  and  hauling  i|  miles $o.( 

Heating o.< 

Spreading    o.< 

Rolling  and  supervision o.< 

Total   $o.c 

Bituminous  material  f.o.b.  Caledonia o.< 

Total  per  gal $0.] 

Cost  of  Applying  Bituminous  Binder.  Road  5,046,  Prm 
tion  Method. 

18,890  gals,  spread  on  12,378  sq.  yds.  in  one  coat,  of  1.52  j 
per  sq.  yd. 

Apparatus. 

5  2  bbl.  kettles  (wood  burners)  Fuel.     Used  bbl.  sir 

and  some  extra  wood. 
I  lo-ton  Buffalo  Pitts  Roller. 
Spreading  hods. 

Organization.  Per  Hour 

1  Foreman $0.30 

2  Pourers,  each 0.25 

5  Kettlemen,  each    0.20 

2  Spreaders  of  No.  2,  each    0.20 

4  Helpers,  each o.i  75 

Labor  of  Placing.     Cost  per  gallon. 

Fuel   $0,001 

Kettlemen    o.oos 

Pouring    o.oo-^ 
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Helpers 0.007 

Supervision 0.002 

Total    $0,018 

Material  f.o.b.  Scottsville 0.093 

Total  per  gal $0,111 

Kentucky  Rock  Asphalt.  I  have  the  following  data  from 
the  Clarence  Center  Road,  Mr.  John  D.  Rust,  Engineer,  col- 
lected during  the  season  of  19 10.  In  this  work  an  8-ton  tandem 
roller  was  found  to  do  better  than  a  6-ton  tandem.  The  cost  of 
handling,  spreading,  and  rolling  this  material,  from  data  of  five 
days  selected,  varied  from  $0,033  ^o  $0,036  per  sq.  yd. ;  the  average 
being  $0,034.  The  following  may  be  taken  as  a  typical  analysis 
of  this  cost: 

Abbreviations.     L.  Laborers. 

F.  Foreman. 
T.  Teams. 
E.  Roller  engineer. 

Asphalt  $10.25  per  ton  f.o.b.  unloading  point. 

Run  of  July  20,  1909. 
69.22  tons  hauled  and  placed. 
1,730  sq.  yds.  covered. 
80  lbs.  asphalt  per  sq.  yd. 

5  L.  at  cars,  10  hours,  at  $1.50  each $  7.50 

J  F.  at  cars  at  $2.25  per  day 1.12 

5  T.  haul  2  miles  at  $4.00  per  team   20.00 

5  L.  on  wheelbarrows,  11  hours,  each  $0.15  per  hour    ....     8.25 

I  T.  at  shredding  machine   4.40 

3  L.  on  rakes,  11  hours  at  $0.15  per  hour 4.95 

3  L.  shoveling,  11  hours,  at  $0.15  per  hour  4.95 

I  F.  at  shredder,  11  hours  at  $0,225  per  hour 2.48 

I  E.  on  roller,  11  hours  at  $0.30  per  hour 3.30 

Total    , .$56.95 

Cost  per  square  yard,  $0,033. 

PUDDLING  WATERBOUND  ROADS 

There  are  two  methods  of  puddling : 
First,  by  Pipe  Line  and  Hose. 
Second,  by  Sprinkling  Carts. 

In  the  first  method  a  i^-in.  or  2-in.  pipe  line  is  laid  along  the  road 
with  taps  every  200  to  300  feet.  The  road  is  wet  down  by  a  hose 
fastened  to  these  taps  and  sprayed  on  by  a  nozzle,  or  the  hose  is 
fastened  to  a  sprinkling  attachment  on  the  roller,  which  throws 
the  water  directly  onto  the  wheels;  this  method  is  cheaper  and 
more  satisfactory  than  using  sprinkling  carts,  but  to  work  well 
a  pressure  of  125  lbs.  should  be  maintained  at  the  pump,  which 
requires  a  better  pumping  apparatus  thaiiv  coTv.Vt^t\.Q.\^  Nis.\iai^ 
have.     A  very  satisfactory  plant,  used  ne^t  '^CkOcvebVet^^rs..^ 
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consisted  of  a  Gould  Triplex  Pump,  operated  by  a  6-H.P.  gasoUne 
engine;  the  relief  valve  at  the  pump  was  set  at  120  lbs. 

The  cost  of  such  puddling  on  Road  492  for  3,000  cu.  yds.  of 
top  course  was  $0.05  per  cu.  yd.j  on  Road  294  tor  4,000  cu.  yds. 
of  top  course  it  was  $0.06.  This  cost  includes  pumping,  helper 
tending  hose,  and  rollerman.  Brooms  on  the  roller  were  used 
which  materially  reduced  the  cost  of  brooming  the  screenings. 
No  charge  for  water,  no  allowance  made  for  laying  the  pipe  line; 
this  last  charge  is  included  in  the  lump-stmi  item  of  installing 
plant  for  a  waterbound  road,  page  255. 

Gillette,  in  his  handbook,  gives  sprinkling  by  carts  approsi- 
mately  $0.10  per  cu.  yd.  of  top  course,  which  includes  sprinkling 
the  subgrade  as  well  as  puddling  the  top  course.  As  the  sub- 
grade  is  rarely  sprinkled,  his  data  reduced  to  the  conditions  cited 
on  roads  492  and  294  would  give  approximately  $0.06  per  cu.  yd. 
of  top  course.  To  this  is  added  the  cost  of  rolling,  or  about  $0.04, 
which  makes  the  cost  of  puddling  by  this  method  about  $0.10  to 
$0.12,  or  about  twice  the  amount  of  the  first  method. 

Mr.  E.  A.  Bonney,  on  the  Hamburg-Buffalo  road,  from  a 
metered  supply  of  water,  states  the  amount  required  to  first 
puddle  a  3-in.  top  course  varies  from  50  gals,  to  55  gals,  per  cu.  yd. 
of  top  course,  and  the  amount  needed  for  the  second  puddle 
will  be  considerably  less. 

Mr.  H.  P.  Gillette  states,  in  a  monograph  on  the  Economics 
of  Road  Construction,  that  30  gals  of  water  per  cu.  yd.  will 
puddle  a  road.  Mr.  E.  E.  Kidder  states  that  approximately 
80  gals,  arc  required  per  cu.  yd.  of  top  course  for  two  puddles. 
The  author's  experience  agrees  with  the  larger  quantities. 

McCUntock  Cube  Pavement.  The  general  costs  of  this  ex- 
perimental pavement  were  given  in  chapter  V.  We  here  give 
the  detailed  cost  of  the  vitrified  clay  cubes  and  clay-ash  cubes 
only,  as  the  concrete  cubes  have  not  worn  satisfactorily. 

Vitrified  Shale  Cubes.  During  1909,  74,000  2}-in.  vitrified  shale 
cubes  manufactured  at  Reynoldsville,  Pa.,  were  laid  at  a  cost 
as  follows: 

Teams  at  $0.50  per  hour. 

74,000  cubes  f.o.b.  Reynoldsville $231.25 

Freight 68.41 

Carting 67.00 

Laying 20.00 

Total $386^ 

Note.    331  sq.  yds.  were  covered  at  a  cost  of  $1.17  per  sq.  yd. 

Clay  and  Ash  Cubes.     In  19 10,  cubes  made  of  a  local  clay 

mixed  with  ashes  and  burned  were  tried  in  the  effort  to  get  a 

cheap,  tough  clay  product.    .\s  far  as  known,  this  is  the  first 

time  bricks  made  in  this  way  have  been  used  on  roadwork. 

The  ash'Clay  process  has  been  worked  out  and  patented  by 

JCarJ  Langenbeck,  of  Boston,  Mass.     Many  local  clays  used  fot 

ordinary  brick  or  farm  tile  will  not  stand  u^*  >Mid«  N\\.^^<cktioB 
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without  the  addition  of  expensive,  imported  refractory  clays; 
but  the  substitution  of  coal  ashes  for  the  more  expensive  clays 
has  a  similar  effect  and  the  cost  is  materially  reduced.  Some  of 
the  local  clay  was  sent  to  Mr.  Langenbeck,  who  turned  out  a  few 
cubes  that  compare  favorably  in  toughness  with  the  best  paving 
bricks  on  the  market. 

The  Standard  Sewer  Pipe  Company,  of  Rochester,  N.Y., 
undertook  to  furnish  400,000  2-in  cubes  of  this  description  for 
Mr.  McClintock.  It  was  necessary  for  them  to  experiment  to 
determine  a  practical  method  of  molding,  the  correct  tempera- 
ture to  use,  and  the  best  proportion  of  ashes,  which  naturally 
raised  the  price  above  ordinary  practice.  In  molding  they 
used  a  modification  of  the  ordinary  pipe-molding  machine, 
which  produced  a  hollow  square  of  cubes,  at  the  rate  of  30,000 
cubes  per  hour.  The  scoring  knives  were  so  set  that  the  cubes 
were  nearly  cut  apart,  leaving  just  enough  uncut  clay  to  hold 
them  together  during  the  burning,  after  which  a  light  blow  sepa- 
rated them  cleanly.  The  toughness  of  the  resulting  cubes  can 
probably  be  increased  by  further  experiment;  but  the  product 
was  good,  although  not  up  to  the  standard  of  the  sample  cubes 
made  by  Mr.  Langenbeck.  • 

The  cost  of  the  ash-clay  cubes  was  as  follows: 

400,000  cubes  f.o.b.  Rochester,  N.Y.  $1,200.00.  .  .$0,711  per sq.  yd. 

Carting,  six  miles    247.75. .  .0.147    ** 

Filler 27.00. .  .0.016  " 

Labor  of  laying i9i-77.  •  0.113    " 

Roller    12.94. .  .0.008    " 


ti 


it 


Total      $1,679.46     $0,995 

Note.     1,688  sq.  yds.  covered 

Labor,  $0.22  an  hour  I  ,^,  u„:«„  «„j  ^„..»:«« 
Teams.  $0.30  an  hour  i  *°'  '»>'°8  ^""^  ""'"S- 

Mr.  McClintock  has  stated,  in  discussing  the  cost,  that  in 
large*  quantities  he  believes  the  cubes  can  be  delivered  f.o.b.  at 
the  plant  for  $1.50  per  1,000,  which  would  reduce  the  cost  as 
shown  above  to  about  $0.60  per  sq.  yd.,  and  that  the  high  cost 
of  laying  was  due  to  the  irregular  shape  of  the  first  batch,  due 
to  not  scoring  the  cubes  deeply  enough. 

COST  OF   CONCRETE  WORK 

The  following  data  will  help  in  estimating  the  cost  of  small 
concrete  jobs,  such  as  culverts,  walls,  etc.  This  data  was  col- 
lected by  Mr.  E.  E.  Kidder  during  the  season  of  1908.  Table 
49  contains  the  theoretical  proportions  of  cement,  sand,  and 
stone  required  for  the  three  ordinary  mixtures  of  concrete. 
These  values  were  found  by  experience  to  ag^ee  with  actual 
proportions  very  closely  for  §"  to  il"-stone. 
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Table  49. — Materials  Required  for  i  Cu.  Yd.  of  Concrete 


Mixtur* 

Cement 

Sand 

Stone 

1-2-4     

I-2i-S      

1-3-6    

1.5  bbls. 
1.2     " 
1.0     " 

0.4    cu.  yds. 
0.4S    "      " 
0.4s    "      " 

0.9    cu.  yds. 
0.92    **      •* 

0.95    "      " 

1 
The  amount  of  water  used  per  cu.  yd.  of  concrete  will  vary! 
greatly.     A  plastic  mixture  usually  requires  about  30  gals,  per! 
cu.  yd.,  according  to  Baker.                                                               | 
Where  boulders  are  embedded  in  the  foundations  and  side; 
walls  of  small  culverts  similar  to  Plate  6,  less  cement,  sand,  and! 
stone  are  required;  our  experience  with  work  of  this  kind  shows 
that  only  0.8  to  0.9  bbls.  of  cement  are  needed  per  cu.  yd.  for 
the  total  amount  of  concrete  in  these  culverts  including  cover 
and  parapets.     For  all  classes  of  work  where  boulders  cannot 
be  embedded  these  proportions  are  about  right. 

Per  Cu.  Yd. 

Forms  (labor) $0.58 

Lumber    0.50 

*  Labor,  mixing,  and  placing 1.18 

*  Foreman o.  20 

*  Broken  stone,  at  crusher 0.90 

'  Hauling  stone,  one  mile 0.30 

Sand  at  pit  at  65  cts.  per  cu.  yd 0.32 

Hauling  sand  six  miles ". .  0.75 

*  Taking  down  forms    o.io 

Cement  at  culverts 2.00 

Total    $6.83 

Labor,  $0.15  per  hour. 

Concrete,  hand-mixed. 

200  cu.  yds.,  placed  in  small  culverts,  averaging  12  to  15  cu. 
yds.  each. 

Note.  The  labor  of  placing  the  concrete  is  customarily  sublet  to 
masons  for  $2.00  per  cu-  yd. 

Small  Culverts. 

Java  Center  Road.     George  A.  Wellman,  Engineer. 

One  hundred  and  sixty-one  cu.  yds.  of  concrete  in  culverts, 
averaging  12  to  20  cu.  yds.  each. 

Boulders  were  embedded  in  the  third-class  concrete.  Water 
only  had  to  be  hauled  for  30  cu.  yds.  of  concrete. 

'  Items  accurate:  other  items  approximately  correct. 
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Materials 
Total  Unit       Total 

Quality         Cost        Cost 

nt   138  bbls.  ..  .$1.12.  .$154.56. 

60  cu.  yds.    1. 00  . . .  .60.00. 

ed  stone  130  **    "...   1.55. .  .201.50. 
er 3  M     ....  30.00  ....  90.00 . 

Total T$i7i^ 

s  are  f.o.b.  unlpading  point;  teaming  of  material  included 
labor  cost  given  below,  except  for  sand,  which  cost  $1.00 
ed  on  the  job.     Concrete  mixed  and  placed  by  hand. 

Cost  of  Labor  and  Teaming  Per  Cu. 

Total  Yd.ofCon- 


Amt.PerCu.Yd. 
of  Concrete 
Material       Costs 
0.86  bbls.  .  .$0.96 

0.37  cu.  yds..  .0.37 
0.80  "     "   ..1.24 


Crete 
$0.58 
.0.12 
.1.27 
.0.47 


S3.57 
$6.70 


i< 


(( 


(( 


<» 


(( 


m   $93-oo . 

unloading  stone  from  cars 20.00  . 

y  placing  concrete,  and  removing  forms  204.00  . 

ters,  building  forms    75'Oo  • 

ig 182.00 . 

Total  Labor. 
Total  Material 

Total  . . 

Labor So.  175  per  hour 

Teams     0.50 

Carpenters 0.25 

Foreman 0.30 

1  Span  Concrete  Arch.  The  following  information  of 
19-ft.  span  concrete  arch  was  given  by  Mr.  Charles  M. 
is,  First  Assistant  Engineer,  New  York  State  Depart- 
)f  Highways.  Arch  was  built  at  Pembroke,  N.Y.,  by 
-actor  who  was  crushing  stone  at  a  quarry  about  one- 
le  from  the  work.  Cement  was  hauled  three-quarters  of  a 
For  the  concrete  a  mixture  of  one  part  Portland  cement, 
ts  sand,  and  four  parts  stone  was  used.  The  old  masonry 
:nts  and  wings  were  left  in  place  and  faced  with  8  inches 
rete  held  by  dowels.  The  quantities  were:  Concrete,  120 
.;  steel  bars,  4,500  lbs.;  pipe  railing,  200  lin.  feet.  The 
the  work  was  as  follows: 

ber,  including  arch  centers  .  .  .$156.00  on  job 

106.00   "     " 

int 137.00  on  siding,  f.o.b. 

.' 240.00  on  job 

and  sand 90.00 

ig 78.00  f.o.b.  siding 

r 300.00 

Total      $1,107.00 

and  on  this  job  cost  practically  oothiDig  but  "tit  \aLV<t  \^«^  nXa.  cs»\.  -^X 
rder  to  avoid  a  misleading  item. 
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Omitting  the  cost  of  railing  this  figure  gives  a  cost  of  $8.57 
per  cu.  yd.  of  concrete,  including  steel.  This  cost  does  not 
include  salvage  of  lumber  or  overhead  expenses  of  any  kind. 
The  contractor  received  $1,500.00  for  the  work,  including  the 
earth  filling,  for  which  he  used  quarry  strippings.  This  filling 
cost  about  $50.00. 

Guard-Rail.  In  the  following  data  the  labor  cost  alone  is 
given,  for  the  materials  will  vary  so  much  at  different  times  and 
places  that  any  quotations  would  be  of  little  value. 

The  style  of  rail  erected  is  similar  to  sketch,  page  86.  Road 
715,  9,760  lib.  ft.  were  built  at  the  following  cost,  according  to 
S.  O.  Steere,  engineer  in  charge:  Post-hole  auger-diggers  and 
ordinary  shovels  were  used;  the  holes  were  dug  in  medium 
hard  clay;  labor  at  $0.20  per  hour,  foreman  $3.00  per  day; 
unskilled  labor  used  in  painting  fence. 

Digging  post  holes,  setting  posts,  nailing  on  rails  (erecting 
fence  complete): 

Cost $0.0428  per  lin.  ft. 

Painting  three  coats  0.0094    "     "     ** 

Total  for  erecting  and  painting    .  .$0.0522    "     "     " 

Road  5,046,  W.  G.  Harger,  as  Engineer.  2,448  lin.  ft.  Built 
by  subcontractor,  Max  Wellcr. 

Force:  Max  Weller  acted  as  foreman.     In  this  data  he  has 

been  arbitrarily  allowed  salary  of  $4.00  per  day $4.00 

I  helper    2.50 

I  helper    2.00 

I  helper    1.75 

Cost  of  erecting  and  painting  complete,  per  Hn.  ft.  $0,066. 

In  Report  of  1901  the  Massachusetts  Highway  Commission 
gives  the  following  costs  for  repainting  guard-rail: 

Lineal  feet  of  guard-rail  painted 35O>330 

Cost  of  paint  per  gal.  (freight  not  included) $1.05 

Cost  of  paint  per  lin.  ft.  of  guard-rail 0.0084 

Cost  of  paint  and  painting  per  lin.  ft.  of  guard-rail 0.0165 

Lin.  ft.  of  guard-rail  painted  per  gal 134-4 

No.  gals,  of  paint  used  per  lin.  ft.  of  guard-rail    0.0077 

Time  required  to  paint  one  foot,  in  decimals  of  an  hour  .   0.0269 

Concrete  Guard -Rail.  Style  of  rail  shown  in  sketch  on  page 
87,  chapter  on  Minor  Points. 

Labor,  $0,225  per  hour. 

Cost  of  manufacturing  1,233  lin.  ft.  of  rail  of  the  above  de- 
scription. Taken  from  the  Report  of  the  New  York  State 
Highway  Commission  of  19 10. 

Lumber $  32.46. . .  .$0,026  per  lin.  foot. 

Steel  139.64 0.114     **     *' 

Cement    5762 0.046     "     "       " 

Gravel   10.00 0.008     "     ** 

Metal  cores 77.00 o.ot)^    "     "       " 
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Labor 231.83 0.188 

Miscellaneous 5-35' 0.004 

Total $553-90 0.449 

his  data  applies  to  small  quantities;   if  manufactured  on  a 
e  scale  the  cost  should  be  reduced  to  about  $0.30  per  lin.  ft. 
he  cost  of  setting  the  above  rail  varied  from  $0.09  to  $0,125 
lin.  ft:  labor  $0,225  per  hour.     This  does  not  include  haul- 
from  the  factory  to  the  intended  position  on  the  road. 
ble  Gutter.     Road  5,046,  W.  G.  Harger,  Engineer. 
abor,  $0,175  P^r  hour.  Foreman,  $3.50  per  day. 
obbles  averaged  6  in.  in  size;  no  sand  cushion  required,  as 
jer  was  built  in  a  sand  cut.     Gutter  was  laid  by  ordinary 
>rer8  using  paver's  tools;  tamped  with  a  paving  rammer,  and 
top  voids  filled  with  No.  2  stone  crushed  on  the  job. 
(o  sq.  yds.  were  laid  at  the  following  cost  per  sq.  yd-: 

blcs,  free- So.ooo 

ding  i  cu.  yds.  of  cobbles 0.030 

iling  i  "     "  "       }  mile 0.024 

ing  and  tamping    0.080 

it-     Cost  of  0.05  cu.  yds.  No.  2  stone  at  crusher  bin, 

^proximately 0.030 

iling  0.05  cu.  yds.  i  mile 0.015 

*ading  and  brooming,  0.05  per  cu.  yd.  No.  2  stone  . . .   o.oio 

ToUl      $0,189 

PRICES  OF  VITRIFIED  PIPE 

he  discounts  vary,  but  if  no  quotations  of  current  prices 
available  the  following  list  will  serve  for  an  approximate 
ooate: 

*  Eastern  List 
Size  Discount 

.    3' to  24' 88% 

24' and  30'    80% 

33'  and  36'    .....  75% 

t  these  discounts  the  net  prices  per  foot  in  car-load  lots  f.o.b. 
ory  are: 


Sixe 


3" 
4" 

S" 
6" 

8" 

10" 

12" 

IS" 
18" 


Price 


$0,024 
0.030 
0.036 
0.048 
0.066 
0.096 
0.120 
0.162 
0.227 


Size 


Price 


20* 
21^ 
22^ 

2f 
3d' 
Sf 
36^ 


$0,270 

0.325 
0.360 

0.390 

0.900 

1. 100 

1.560 

I-750 


\ 


^  EHgittetrini  News,  April  4,  igi2. 
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PLANT  AND  PAY-ROLL 

le  50,  page  252,  shows  in  a  convenient  form  the  value 
Its  and  the  largest  weekly  force  account  of  two  months' 
>n  on  fourteen  roads  in  New  York  State.  From  this  and 
nformation  it  is  reasonable  to  assume  that  a  contractor  has 
>,  outside  of  money  on  plant  and  materials,  from  $5,000 

00  for  the  full  length  of  time  that  the  work  is  in  progress, 
r  short  periods  he  may  have  as  high  as  $15,000  or  $20,000 
rd. 

rest,   Depreciation,   Repairs,  etc.     To  the   best   of   my 

ent  the  following  estimates  show  about  the  amount  of 

required  on  the  different  styles  of  construction  noted. 

data  are  based  on  an  outfit  which  would  be  capable  of 

1  of  about  0.7  mile  per  month,  or  five  miles  in  a  season. 

Adopted  Value  of  Plant  Items 


Item 


roller  . . . 

roller 

on-engine. 


or 

id  screen 

gasoline  engine, 
igine  and  pump. 

t.  of  pipe 

IS 

tools 


machine 
Jttle    ... 


Value 


;$i 


scraper 

scraper 

roller  used  for  hauling 
ig  traction-engine  .... 


$2700 
1800 
1200 
900 
200 
500  J 
250 
200 
600 

"5 

150 

100 

200 

25-200 

70 

6 

2700 

2200 


Life 


20  yrs. 
20  " 
8  " 


8 

8 

5 

say  10 

6 

I 

3 

5 


4< 
(( 

it 


5   " 

5   " 

10  " 

8   " 


Annual 
Repain 


$70.00 

40.00 

100.00 

400.00 

50.00 
50.00 
10.00 
10.00 


10.00 

*  10.00 

10.00 

200.00 
200.00 


*■  Including  new  tank  every  three  years. 
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6%  Interest  and  Depseoation  on  Plant  Items 


Item 


Roller 

Traction-engine 

Crusher 

Elevator 

Screen 

Bin 

Gasoline  engine 

Gasoline  pump 

6000  feet  I  i"  pipe 

Wagons 

Pland  tools.  .  .^ 

Plows ' 

Tar  kettle 

Concrete  mixer 

Brick  roller 

Wheel  scrapers 

Slush  scrapers 

Roller  used  for  hauling 
Hauling  engine 


latexest 


$162.00 

$135-^ 

72.00 

15000 

54.00 

100.00 

12.00 

30.00 

3.00 

50.00 

30.00 

400)0 

15.00 

30.00 

12.00 

36.00 

60.00 

6.00 

20.00 

9.00 

150.00 

6.00 

30.00 

12.00 

10.00 

120.00 

— 

108.00 

loaoo 

5.00 

15.00 

162.00 

270.00 

132.00 

300.00 

Charge  for  bond  i%  total  contract. 

PLANT    FOR    WATERBOUND    MACADAM    IMPORTED 

STONE 

Elevator  unloading  plant,  provided  more  than  2,000  cu.  yds. 
of  stone  is  to  be  unloaded. 


Item 


Interest 


Elevat»)r    

Bin 

5  H.P.  gasoline  engine   

I  roller  with  broom  and  sprink- 
ling attachment 

6000  ft.  1 1"  pii>e 

Gasoline  engine  and  pump 

Hand  tools 

Plows 

'  Road  machine 

.  2  wheel  scrapers 

:  2  slush  scrapers 

I 5  wagons  


$12.00 
30.00 
15-00 

162.00 

36.00 

12.00 

9.00 

6.00 

12.00 

500 

80.00 


Totals  one  season's  work  5  milesi  $379.00 
/Total per  mile ^       "jb.oo 


Depreciation 


$30.00 
40.00 
30.00 

135.00 
60.00 
40.00 

150.00 
30.00 
40.00 
15-00 

300.00 


$870.00 
\1VOO 


Repiin 


$50.00 
50.00 
5000 


7000 
IOX)0 
50.00    I 


10.00 

10.00 


i5aoo 


$450-00 
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Force  account  money  out:  Allow  six  weeks  out  continually  for 
length  of  job  at  i%  interest  per  month. 

Allow  $6,000  out,  or  $40.00  interest  per  mile  on  force  account. 

Bond  charge:  }  of  1%  contract  price;  approximately  $25.00 
per  mile.  Insurance  charge:  $2.00  per  $100.00  total  force 
account,  approximately  $100.00  per  mile. 

Allow  for  moving  plant  on  job,  $500.00  lump  sum. 

Plant  por  Waterbound  Macadam  Local  Stone 


Item 

Interest 

Depreciation 

Repairs 

$IOO.OO 

400.00 

80.00 

I  traction  engine 

I  crusher  and  bin 

$  72.00 

100.00 

10.00 

12.00 

322.00 

$150.00 

220.00 

50.00 

30.00 

770.00 

I  steam  drill  and  bits 

I  small  boiler  for  drill 

Roller,  pipe,  gasoline  engine  and 

pump,  hand  tools,  plows,  road 

machine,  scrapers  and  wagons 

^  as  for  imported  stone  plant. 

*  Total  of  these  items 

20.00 

1 
1 

( 

300.00 

Total  for  season,  5  miles 

Total  per  mile 

$516.00 
103.00 

$1220.00 
24500 

$900.00 

180.00 

Force  account  slightly  larger  on  local  stone  roads.     Approxi- 
mately  $7,000.00   out. 

Interest  on  force  account $50.00  per  mile 

Bond  charge 20.00    "      " 

Insurance  1 20.00    "      " 

Moving  plant  on  job,  $500.00  lump  sum. 

Plant  for  Bituminous  Macadam  Imported  Stone 


Item 


Elevator  unloading  plant 

2  rollers 

3  tar  kettles 

Hand  tools,  plows,  road  machine, 

scrapers  and  wagons  as  for 
waterbound  macadam.  Total 
of  these  items 


Total  for  season,  5  miles 
Total  per  mile 


Interest 


$60.00 

320.00 

36.00 


112.00 


$528.00 
106.00 


Depreciation 


$100.00 
270.00 


535.00 


$905.00 
181.00 


Repairs 


$150.00 

140.00 

30.00 


170.00 


$490.00 
98.00 


Interest  on  force  account $40.00  per  mile 

Bond  charge      30.00   " 

Insurance  100.00  " 

Moving  plant  on  job,  $500.00  lump  sum. 


iV 
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Plant  For  Bituminous  Macadam  Local  Stone 


Item 

Interest 

Depredation 

Repain 

I  traction  eninne 

$72.00 

100.00 

10.00 

12.00 

468.00 

$150.00 

220.00 

50.00 

30.00 

805.00 

$100.00 

400.00 
80.00 
20.00 

340.00 

I  crusher  outfit 

I  steam  drill  and  bits 

I  portable  boiler  for  drill 

Rollers,  haqd  tools,  plows,  road 
machine,  scrapers,  wagons,  and 
tar  kettles  as    for    imported 
stone.    Total  of  these  items . . 

Total  for  the  season,  5  miles . . 
Total  per  mile 

$662.00 
132.00 

$1255.00 
25IX)0 

$940^ 
188.00 

Interest  on  force  account $50.00  per  mile 

Bond  charge 25.00    " 

Insurance    120.00    ** 

Moving  plant  on  job,  $500.00  lump  sum. 
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FORMS  FOR  ESTIMATES 

The  following  forms  of  estimate  have  proved  very  satisfactory. 
The  item  of  6%  on  materials  is  used  to  cover  demurrage  and 
interest  on  money  tied  up  on  freight  and  stone.  The  other 
items  of  profit  are  what  we  consider  a  reasonable  return  for 
the  risk  of  such  contract  work.  Mechanical  hauling  is  not 
considered,  because  few  contractors  own  plants  that  make  it  posa- 
ble.  The  total  item  of  interest,  depreciation,  repairs,  and  inter 
est  on  force  account  money  for  the  whole  job  is  charged  against 
top  and  bottom  stone,  as  the  construction  quantities  of  tlK 
macadam  will  vary  less  from  the  estimated  quantities  than  any 
other  classes  of  work. 

Standard  Estimates.  Figured  on  the  basis  of  20%  profit  00 
labor,  6%  on  materials,  6%  on  money  invested,  and  an  allow- 
ance made  for  depreciation  on  different  plants,  as  previously 
given. 

Labor  at  $0. 1 75  per  hour 
Teams  at  $0,450    " 


i< 
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Earth  Szcavatioii. 


Class 

Amount  per  Mile 

Price  per  Cu.  Yd. 

Easy    

Easy    

Easy    

Average 

Average 

Hard 

Hard 

5,000-10,000  cu.  yds. 
3,000-  5,000  cu.  yds. 
1,500-  3,000  "       " 
3,000-  5,000  "       ** 
1,500-  3,000  "       " 
3,000-  5,000  " 
1,500-  3,000  "       '* 

$0.40 

0.4S 
0.50 

0.50 

0.60 

0.60 

0.70 

Rock  EzcAvatioii. 

Large  boulders  (for  which  10  cu.  yds.  a 
mile  are  allowed  on  all  estimates)  .    .  .$1.50  per  cu.  yd. 

j  Steam  drill  work,  limestone 1.25    **     "     " 

'•   }      **         "       "     granite 1.50   '*     "     " 

i  Hand      "        "     limestone 2.00   "     "     " 

^'   I      •*        "  •  .  "     granite  2.00   "     "     " 

1.  Large  quantities 

2.  Small  quantities 


Field  Stone  Sub-base. 

A  sub-base  course  6  in.  deep  made  of  the  usual  size  fence  stone 
requires  i  cu.  yd.  loose  for  i  cu.  yd.  rolled;  12  in.  deep  requires 
1.25  cu.  yds.  loose. 

Cost  of  cobbles  per  loose  cu.  yd $0.10 

Loading  cobbles  per  loose  cu.  yd 0.15 

Hauling  cobbles  i  mile  per  loose  cu.  yd. 0.35 
Placing  cobbles  per  loose  cu.  yd o.io 


Rolling  cobbles  per  loose  cu.  yd 0.05 

Filler  (see  below) — 

Total $  — 

20%  profit $  — 

Estimate    $  — 


Multiply  these 
items  by  1.25  for 
1 2-in.  depth  of 
sub-base. 


Finer. 

J  cji.  yd.  per  cu.  yd.  rolled  sub-base. 

Cost  J  cu.  yd.  at  pit  or  crusher $  — 

Loading  i  cu.  yd 0.05 

Hauling  |  cu.  yd.  i  mile o.io 

Spreading  §  cu.  yd o.^\ 

Total %  — 
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Sttb-base  Bottom  Course. 

Same  relation  of  loose  and  rolled  quantities  as  for  sub-bait 

Cost  fence  stone  per  loose  cu.  yd $o.io 

Loading  fence  stone  per  loose  cu.  yd.  ...  0.15 

Hauling  i  mile  per  loose  cu.  yd 0.35 

Placing  and  sledging   0.20 

Rolling 0.05 

Filler  (see  below)    — 

Total I^T" 

20%  profit — 

Estimate    — 

Ffller. 

}  cu.  yd.  per  cu.  yd.  rolled  sub-base. 

Cost  i  cu.  yd.  at  pit  or  crusher $  — 

Loading 0.05 

Hauling  0.33  cu.  yd.  filler  per  mile o.io 

Spreading  and  brooming 0.08 

Total r^ 

Imported  Bottom  Stone  Materials. 

3"  course,  3,050*  lbs.  f.o.b.  crusher '.  .$ — 

4"       "      3.150    "       "  "       — 

6%  profit — 

Total    $  — 

Freight  on  stone  to  delivery  point — 

Total,  No.  I .$— . 

Labor. 

Unloading 

Under  2,000  cu.  yds.  (shoveling) $0.15  per  cu.  yd. 

Over  2,txxj  cu.  yds.  (elevator) o.io 

Hauling  (Teams)    

Bad  conditions 0.35 

Average  conditions 0.30 

Good  conditions 0.25 

Mechanical  hauling 0.15    " 

Spreading 

5  J  in.  loose  depth 0.06 

4  in.  loose  depth 0.08   " 

Rolling   0.05 

At  this  point  total  up  and  add  30%  of  the  total  to  change  tb< 
estimate  from  loose  to  rolled  measure. 

Filler  (see  below) 

Labor,  total $  — 

20%  profit   — 

Total,  No.  2   $  — 

'  Tbae  weights  are  lot  Umtstont.    ^i«fc  v^«&  »yi,  ^W. 
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Iter. 


Cost  of  0.35  cu.  yd.  at  pit  or  crusher $  — 

Loading  0.35  "     "     0.05 

Hauling  0.35  "     "  i  mile  @  $0.35  per  yd.  mile  . .  0.12 
Spreading  and  brooming  0.35  cu.  yd 0.07 

Filler,  Total $^^ 

ninmary. 

ToUl  No.  I $  — 

Total  No.  2 $  — 

Interest  and  depreciation $  — 

Estimate    $  — 

nported  Top  Stone  Waterboond  Macadam  Materials. 

*4,45o  lbs.  stone  f.o.b $  — 

6%  profit $  — 

Total $  — 

Freight  on  stone  to  delivery  point $  — 


Total  No.  I $  — 

abor. 

Unloading  (same  as  bottom)    $  — 

HauJing  ^me  as  bottom) $  — 

Spreading 0.08 

Rolling 0.04 

Puddling    0.06 

Total,  loose  measure   $  — 

Add  30% $  — 

Total  rolled  measure $  — 

Screenings.     (See  below)    

Total    l"^^ 

20%  profit — 

.ToUl  No.  2 $  — 

Screenings. 

^Unloading  0.5  cu.  yd $0.07 

Hauling      0.5   "     "    i  mile    0.15 

Spreading  0.5   "     "     by  cross  dump  wagons 0.03 

0.5    "     "     "    hand 0.07 

Total    $  — 

Summary. 

Total  No.  I I  — 

ToUl  No.  2 — 

Interest,  depreciation,  etc — 

Estimate    $  — 

*  These  weights  are  for  limestone.    See  yagtft  ay>«  ^^V 
'SaeettiDgs  arc  usually  unloaded  by  Yiand. 
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IMPORTED     TOP     STONE     BITUMINOnS     MACADAX. 

PENETRATION  METHOD 

Materials. 

2"  course,  4,350  lbs.  stone  and  screenings,  f.o.b.  crusher   .  .$  —   . 
3"      •*       4,050    "       ««       "  ««  «  «*  _  ^ 

gal.  bituminous  binder,  f.o.b.  plant 
6%  profit 

Total I-   • 

Freight  on  materials  to  delivery  point 

Total  No.  I  .1-    ' 

Labor. 

No.  3  stone. 

Unloading  1  cu.  yd.  (same  as  given) I  — 

Hauling  i  cu.  yd.  "      "      "        — 

Spreading  i  cu.  yd.       "      "      "        —     , 

Rolling  I  cu.  yd 0.09 

Total    I- 

Add  20%  for  2"  course,  30%  for  3"  course   — 

Total  No.  2 1  — 

No.  I  A,  No.  2,  and  Bitumen. 
Unloading  0.6    cu.  yd.  for  2"  course  (same  as  given) I  — 

0-45  3 


Hauling  at  the  rate  of  $0.30  per  yd.  per  mile 

Hauling  bitumen  at  rate  of  $0,002  per  gal.  per  mile   

Spreading  and  brooming  No.  lA  and  No.  2  at  rate  of  $0.30 

per  cu.  yd 

Manipulation  of  heating  and  spreading  bitumen  at  $0,015 

per  gal 


Total  No.  3 $  — 

Total  No.  2 - 

Total    $- 

Add  20%  profit    j__Il 

Total  No.  4 1  - 

Summary. 

Total  No.  I   $  — 

Total  No.  4 — 

Interest,  depreciation,  etc — 

Estimate    $  — 

Local  Stone  Macadam. 

Field  stone. 
I  cu.  yd.  field  stone  =  i  cu.  yd.  crushed. 
1.8  cu.  yds.  field  stone  =  i  cu.  yd.  No.  3  and  No.  4  rolled. 

Cost  of  field  stone   $0.10  per  cu.  yd* 

Blasting  or  slcAgmgy  per  cu.  yd.  actually  blasted  ^^ 

or  sledged   o-V^  **    " 
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Mftterial. 


Imported  No.  2  Stone,  Estiuated  Loose 

2,400  lbs.  stone $  — 

6%  profit — 


Loading  field  stone 0.15  per  cu.  yd 

Hauling  field  stone  i  mile 0.35 

Cmsbing 

Sandstone  (soft) o.io 

Limestone 0.15 

Granite  and  trap  rock 0.20 

Total  cost  in  bins  (loose  including  Nos.  i,  2,  3, 

and  4  stone) S  — 

Quarried  Stone. 

Limestone,  quarrying,  small  quarries $0.50 

Conglomerate,      "  "  "       0.75 

Trap,  "  "  "        0.65 

Crushing  (same  as  above)    — 

Total  cost  in  bins $  — 

The  crushing  does  not  include  repairs  to  crusher. 
The  crushing  is  taken  from  previously  given  data. 
The  item  of  quarrying  includes  delivery  to  crusher. 

Ettiiiuite  of  Bottom  Stone. 

Cost  in  bins I  — 

Loading,  per  cu.  yd o.oi 

Haul  (same  as  bottom)  — 

Spread  (same  as  bottom)    — 

Rolling  (same  as  bottom) — 

Total  Goose  measure)    

Add  30% 

Total  rolled  measure 

Filler  (same  as  bottom) 

20%  profit 

Total,  No.  I    

Interest  and  depreciation. .... 

Estimate    

Local  Top  Stone. 

Cost  in  bins 

Manipulation  same  as  for  imported  stone 

Total    

20%  profit 

Total  No.  I  

Interest  and  depreciation    .... 

Estimate    


ToUl  No.  1   .%  — 
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Unloading  (same  as  bottom) 
Haul  (same  as  bottom) 
Spreading 

Total 

20%  profit 

Total  No.  2 


0.10 


I  - 


$  - 


Total  No.  I . . 
Total  No.  2. . 

Estimate 


Local  No,  2  Stone. 

Cost  per  cu.  yd.  in  bins  . 
Haul  same  as  above  .... 
Spreading  same  as  above 

Total 

20%  profit 

Estimate    . 


The  following  is  an  example  of  the  method  of  using  these  sianda 
forms. 

Estimate  for  Local  Fence  Stone  Bottom  Course 

Assume  that  stone  will  cost  $0.10  per  cu.  yd.  in  the  fences. 
"       i  mile  average  haul  to  crusher. 
"       20%  of  the  stone  has  to  be  sledged  or  blasted. 
"       f  of  a  mile  average  haul  from  the  crusher. 
"       that  filler  costs  $0.15  per  cu.  yd.  in  the  pit. 
''       average  haul  of  i  mile  for  filler. 

'*       that  the  interest  and  depreciation  charge  for  the  tot 
job,  say  4  miles,  is  distributed  over  6,000  cu.  ytls.  of  macadu 

Use  Standard  form  for  Local  Bottom  Stone,  given  on  page  261. 

Cost  I  cu.  yd.  field  stone    .^ I0.10 

Blasting  and  sledging  i  cu.  yd.  stone '. .    0.08 

Loading  i  cu.  yd.  field  stone    0.15 

Hauling  i  cu.  yd.  field  stone  J  mile    0.18 

Crushing  i  cu.  yd.   (Mixed  granite  and  sandstone)   0.15 

I  cu.  yd.     Total  cost  in  bin $0.66 

Cost  I  cu.  yd.  crushed  stone  in  bins $0.66 

Loading  on  wagons    0.01 

Haul  to  road,  average  conditions,  }  of  a  mile  . . .    0.22 

Spreading  si"  loose ao6 

Rolling 0.05 

Total    V*» 
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Add  30% .30 

Per.  cu.  yd.  rolled  measure $1.30 

Filler  (see  below) 0.31 

Labor,  total $1.61 

Add  20%  profit 0.32 

Total,  No.  I $1.93 

Literest,  depreciation,  etc.  (see  below) .56 

Estimate  per  cu.  yd.  rolled  in  place   I2.49 

$2.50. 

'ffler.    As  mentioned  on  page  240,  the  screenings  produced  in 

shing  bottom  only,  as  in  this  case,  will  amount  only  to  50%  of 

required  filler,  therefore  two  estimates  must  be  made  for  £dler 

kreenings  for  FiUer. 

(t  of  0.35  cu.  yds.  screenings  in  bin  @  I0.66  per  cu.  yd.  . .  $0,230 

iding  0.35  "    "  '*  from  bin    0.003 

uling  0.3s  "    "  "  1  of  a  mile 0.077 

eading  and  brooming  0.35  cu.  yds 0.070 

Total $0,380 

land  Filler. 

it  of  sand  in  pit  0.35  cu.  yds $ 0.052 

iding  0.35  cu.  yds 0.050 

iling  0.35   "      '*  }  mile  (short-haul  figures) 0.060 

eading  and  brooming  0^5  cu.  yds 0.070 

Total $0,232 

average  these  costs  as  the  screenings  must  be  utilized  to  use  up 
total  output  of  the  crusher.    Average  filler  $0.31. 

nterett.  Depreciation,  etc. 

^rom  page  255,  using  value  adopted  for,  say,  waterbound  macadam 
ds,  the  following  charge  for  a  4-mile  road  is  figured: 

Interest  on  plant    4X103.00    . .  .  $412.00 

Depreciation  on  plant  4X245.00  ....  980.00 

Repairs  on  plant 4X  180.00 720.00 

Interest  on  pay-roll   4X  50.00 200.00 

Bond  charge   4X  20.00 80.00 

Insurance 4X  120.00  ....  480.00 

Moving  plant  on  job  500.00 

Total $3»372.oo 

)e  i^read  over  6,000  cu.  yds.  of  macadam. 

i^^  =  0.56  cents 
6.000 


264  COST    DATA    AND    ESTIMATES 

The  cost  oi  an  improved  highway  generally  depends  on  the  itcn 
of  lop  and  bottom  stone  in  place  complete.  Many  of  the  minor 
items  have  standard  prices.  Such  items  as  cast-iron  pipe,  the  vari- 
ous sizes  of  tile,  pipe  railing,  mesh  reinforcement  steel,  etc.,  vQ 
hardly  var>'  in  price  throughout  the  Eastern  States.  A  table  of 
these  standard  prices  as  used  by  the  New  York  State  Highway  Com- 
mission is  given  below. 

It  will  be  noted  that  all  of  these  items  have  little  bearing  on  the 
total  cost,  and  that  the  items  of  Earth  Excavation,  Sub-base,  or 
Sub-base  Bottom  Course,  Macadam  Bottom  and  Top  Course,  On- 
Crete  Foundation,  Brick  Pavement,  etc.,  which  of  necessitv  are  not 
standard  in  price,  determine  whether  or  not  the  road  is  to  be 
sivc. 

Unit  Prices  Minor  Items 

Overhaul  on  excavation $  o.oi  per  yd.  sta. 

Third-class  masonry  cement  joints  . .      6.00  per  cu.  yd. 
Second-class  concrete 9.00  "      "    " 
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Third-class  concrete  (stone  ) 7.00 

(gravel) 5.50"       "    " 

Pointing  old  masonry    0.75  "    sq.    ** 

Riprap    1.50  "    cu.    " 

Paving  cement  joints 1.50  '*    sq.    ** 

Cobble  Rultcr  0.50  "      "     " 

Kxpandcd  metal 0.08  "      **  ft 

(juard-rail    0.30  "  lin.  ft. 

2"  pipe  rail 1.50  '*     *    ** 

Concrete  guard-rail    1.00  **    "    " 

Cast-iron  pipe  in  place    3S-oo  "  ton 

0"    V.  T.  P.  in  place 0.30  "  lin.  ft 

ij"  V.  T.  P.   ••      *'       0.60  ""    " 

15"  V.  T.  P.   "      "     0.90  **    "    " 

18"  V.  T.  P.   "      "     no  '*    **    " 

2^"  V.  T.  P.   "      "     2.00  "    "    " 

Relaying  old  pipe o.io  "     "    " 

4"  farm  tile  under  drain  in  place  ....  o.io  "    "    ** 

Steel  in  place 0.05  **  lb. 

Oak  timber  in  place  50.00  "  M.B.M. 

Hemlock  timber  in  place 40.00  "  M.B.M. 

Danger  signs 2.00  each 

Guide-board  posts    6.00    " 

Highway  No.  signs 1.00 

(luide  signs  per  letter 0.15 

The  item  of  Karth  Excavation  as  sho>Mi  in  Table  36  may  viiy 

between  40c  and  65c.     In  extreme  cases  where  material  is  difficult  to 

handle,  it  may  be  estimated  still  higher.     A  particular  instance  of 

costly  excavation  where  70c  was  estimated  occurs  on  a  road  nor 

the  I^ckawanna  Steel  Plant  at  Buffalo.    This  road  had  been  fiUod 

with  slag  from  time  to  time. 

In  the  remaining  variable  \tem?>  iVvc  Vctv^^K  of  haul  is  a  govenuBK 

fill  tor  and  three  actual  conditions  ol  dcltTmVwwv^,  >\ifc  %N«tA!QiVflii^ 

^rc  given  here  before  proceecUng  latlYvct  v{\v\v  \\vt  c&XlvBoXfc  ^a^x. 
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The  following  cases  i,  2,  and  3  show  also  the  present  method  of 
estimating  where  interest  and  depreciation  are  not  directly  considered. 

Case  I 

The  simplest  possible  conditions.  Perry  Village  County  Highway, 
Wyqpiing  County,  N.Y.  Imported  stone,  delivery  at  middle  of 
road  —  coal  trestle  available  for  unloading  —  no  dead  haul  to  road. 
Road  16  feet  wide  throughout. 

Railroad  at  Station  60      Station     0+00= beginning  of  contract 

106-1-23= end  of  contract 
For  ease  of  computation,  say  stone  runs  10  yds.  to  mile. 
Station  o  +  00  to  60 
I.I  miles  average  .55  miles  .55  miles X 11    yds.  =  6.05  yd.  miles 
Station  60  -|-  00  to  106  -|-  23 

87  miles  average  ajl  miles  -44  milesXS.y  yds.^3-83  yd.  miles 

.87  imles  average  .44  miles  ^otal  yds.  19.7  988  yd.  miles  Total 

0.88  yd.  miles  .,  ,      , 

— — J =  0.50  miles  average  haul 

Completion  of  Perry  Village  Estimate. 
Stone  from  Rock  Glen  Quarries      Stone      $0.65  per  ton  f.o.b. 
Cu.  yd  =  2400  lbs.  Freight       .40  "    " 

Sub-base  Stone      .50  "    " 

Bottom  Top      Screenings   Sub-base 

Stone    78  .78  .78  .60 

Unloading    15  .15  .15  .15 

Average  haul  \  mi.  at 

.35 17s  175  175  175 

Manipulation    30  .25  .20  .20 

1305 
Consolidation  (plus  J).     .468  .451        ^   -f  i    .22 

.5220 

Filler  (i  cu.  yd.  sand  Screen- 

at  $1.00)    50      ings        .522  Sand  .50 

Profit  (20%) 474  .465  .369 

Freight    (40  -f  .08  -h  (4o-|-.o8-f-  (40-I-08 

.16) 64  .i6-fi92)  .832  -I-.096  )        .576 

6%  interest  on  freight 
to  cover  demurrage, 
etc 038  .05  .034 

Manipulation  of  Bi- 
tuminous Material . .  .60  

^3-525  ^275  $2,824 

Use  $3.55        Use  $4.30  Use  $2.80 

CaseH 

The  Walker-Lake  Ontario  Road,  Motvioe  eo>MvV^,^H.  ^^^-^A. 
extends  from  Station  o  -f-  00  to  Station  i^T  -V  ^^« 
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I.,ocal  stone  —  mostly  fences.  Because  of  location  of  atone  ai 
determined  by  engineer's  inspection,  it  was  detennined  to  make ; 
three  set-ups  of  crusher,  at  Station  40,  104  +  50  and  at  Station  157.  ■ 
The  hauls  from  stone  piles  to  these  crushing  points  were  figured 
in  the  regular  manner.  From  the  crusher  to  rcNEul,  the  hauls  wen 
arranged, 

From  Station  40  —  haul  stone  o  H-  00  to  77+00 

104  +  50  haul  stone  77  -|-  00  *'  130  +  00 

157  "      "  130  +  00"  197+45 

Care  was  taken  to  see  that  enough  stone  was  available  near  eich  ; 
crushing  point  to  furnish  macadam  between  stations  supplied  bm 
that  set-up. 

The  widths  of  road  were  as  follows: 

o+-ooto  40-+00  — 12'  wide 
40  +  00  "    66  +•  60  — 16'  wide 
66+- 60"  129 +-50-14'     '* 
129  -h  so"  197 +-45 -12'     " 
.  Use  lo  yds.  per  mile  for  12'  road 
proportionally  11.7  yds.  mile  for  14'  road 
13.3   "       "      "    16'    " 


Haul  on  road  from  Station  40  +  00 

12'  wide  o  +•  00  to  40  +•  00 

0.76  miles  average  .38  .38  miles  X  7.6  yds.  =  2.89  yd.  miles 

16'  wide  40  +-  00  to  66  +  60 

.50  miles  average  .25     .25  miles  X  6.6  yds.  =  1.65  yd.  miles 

14'  wide  66  +  60  to  77  ■+  00 

.20  miles  average  .1 

plus  dead  haul      .5 

.6      .6   miles  X  2.3  yds.  =  1^8 

16.5  5.92  yd.  miles 

Haul  on  road  from  Station  104  +  50 

14'  wide  Station  77  +•  00  to  129  +•  50  (say  130) 

77  +  00  to  104  -+  so 

.52  miles  average  .26     .26  miles  X  6.i  yds.  «  1.59  yd.  miles 

104  +  50  to  130 

.48  miles  average  .24    .24  miles  X  5.6  yds.  =  1.34  yd.  miles 

11.7  yds.      2.93  yd.  miles 

Haul  on  road  from  Station  157 

12'  wide  Station  129  +•  50  (say  130)  to  197  +-  45 
130  to  157 

.51  miles  average  .26    .26  miles  X  5.1  yds.  ■■  1.33  yd.  mfles 
157  to  197  +-  45 
./d  miles  average  ,s^    .38  mWes  X  T.6  vd&.  «■  2^ yd.  miles 

12.1 7^-       v^^'^'w^'* 
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verage  haul  for  entire  road 

n  Station   40  16.5  yds.  5.92  yd.  miles 

104  +  50  11.7  "  2.93   "      " 

157  12^     "  4.22   "      " 

40.9  13.07 

13-07  "^  40-9  —  -32  miles 

say  .3  miles  average  haul 

Sub-base  Bottom  Course 

le  . ; $  .15 

Iging,  blasting,  and  sorting  30%  of  stone  at  .35  per  yd. . .        .105 

ding  into  wagons   15 

d  to  crusher  at  Stations  40,  104  -h  So  and  157.    One 

lile  at  .35 35 

U  on  road.  3  mile  at  .35 105    ' 

lipulation 20 

isolidation  (plus  i) 212 

IT  (i  cu.  yd.  sand  at  .80) 40 

fit  (20%)   .334 

$2,006 
Use  $2.00 

Local  Stone  Top  Course  —  Bituminous  Binder 

Top  Course         Screenings 

le 15  .15 

iging,    blasting,   and    sorting    60%    of 

:one  at  .35   .21  .21 

ding  into  wagons   .15  15 

d  to  Crusher  at  Stations  40,  104  -|-  50 

ad  157-     I.I  miles  at  .35 385  .385 

shing 35  .35 

d  on  road  .30  miles  at  .35 .105  .105 

nipulation .20  .20 

isolidation  (plus  J) 517  1.55 

er  (I4CU  yd.  of  screenings) .620  .620 

fit  (20%) 537 

nipulation  Bituminous  Material .60 

$3,824 
Use  $3.85 

Casein 

Tie  Obi-Cuba  Highway,  #965,  Allegany  County,  N.  Y. 

;  miles  long. 

rom  a  field  inspection  of  this  road,  it  was  found  that  stone  was 

liable  at  both  ends  of  road,  but  not  in  the  middle.    An  ample 

ply  of  good  gravel  was  found  in  the  middle  section,  and  it  was 

jrmined  to  build  a  concrete  base  with  b\t\MmxiQiNa&  Xjo^^^J^'s*  vrss^ 

oad  bang  the  only  one  which  co\:dd  be  b\32X\.  \3kssa^  ViaJk.  xaaX^Ts^. 


n 


11 


it 


(I 


<< 


X    S 

=      1.2S    ' 

X  lo 

=    SO     • 

X    S 

=    i.is  ' 

X    8 

=     3-2      ' 

X    8.6 

=    3-7     ' 
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The  hauls  and  freight  charges  on  imported  material  would  make  tk 
cost  prohibitive. 

The  road  was  divided  into  three  sections  as  follows: 
Station     o  +  00  to  330  local  field  stone    concrete 

Station  330  -|-  00  **  460  "    gravel  " 

Station  460  -|-  00  '*  524  +  14  "    quarry  stone       " 

Haul  on  stone  o  +  00  to  330.  Crusher  at  146,  220,  and  2S5. 
These  crusher  set-ups  were  determined  uix)n  more  by  reason  of 
nearness  of  stone  supply  and  grade  of  haul  than  to  equalize  the  haul- 
ing distance.  The  haiil  to  the  crusher  was  figured  lor  the  separate 
sources  of  supply  and  found  to  average  1}  miles. 

Haul  from  crusher  on  road,  Station  '146  to  Station  o  '\-  00 

(12'  wide  use  10  yds.  per  mile)     2.76  miles,  average  1.38  miles. 

Station  146  to  170  1.38  miles  X  27.6  yds.  =  38.09  yd.  ml 

0.5  miles,  average  .25  miles       .25 

Station  220  to  170 
i.o  miles,  average  0.5  miles       .5 

Station  220  to  245 
0.5  miles,  average  .25  miles       .25 

Station  285  to  245 
0.8  miles,  average  0.4  miles       .4 

Station  285  to  330 
0.86  miles,  average  .43  miles      .43 

Total  for  ist  section  64.2  yds.       52.49  yd.  mi. 

52.49  -^  64.2  =  0.82  mile,  average  haul  for  ist  section. 

Haul  from  gravel  pit  to  road.    Station  jjo  to  460, 

Bank  station  385  at  side  of  road  —  no  dead  haul  great  enough  to  be 

figured. 

Station  385  to  330 
I.I  miles,  average  haul  .55  miles  .55  miles  X  11  yds  .=  6.05  yd.  miles 

Station  385  to  460 
1.4  miles  average  haul  .7    miles  .7       "     X  14   **     =  9.8     "       " 

Total       25  yds.     15.85  yd.  miles 
15.85  -7-  25  =  .63  miles  Say  .65  average  haul 

Haul  from  quarry  in  Village  of  Cuba  }  mile  from  end  of  road. 

Station  460  to  524  +  14 

Station  460  "  500  14'  wide  (use  11.7  yds.  per  mile) 

Station  500  '*  524  +  14  16'  wide  (use  13.3  yds.  per  mUe) 

Station  460  to  500 

0.8  miles,  average  .4    mi. 

Station  524  +  14  to  500  dead  haul    .5      " 

Quarry  to  524  +  14  "      "     _7S    " 

1.65    " 
1.65  miles  X  9.36  yds.  =  15^4  yd.  ni 
Station  500  to  524  +  14 
0.5  miles,  average  haul       .25  mile 
Quarry'  to  s 24-^14  dead  haul^TS  mi.  i  mile  X  13-3 yds- ■» i3-3  yd- "■• 

i.oomV.    ToVaX   aa.tife  A.1K "   ** 
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r8.74  -I-  22.66  »  1.27  Say  1.3  miles  average  haul 

Haul  an  Sand  Pits  at  Stations  26  and  385 

Station  26  to  o  +  00 
S  miles,  average         .25  mi.  .  25 1 

Station  26  to  330 
;.76  miles,  average  2.88  mi.  2.88 

Station  385  to  330 
:.o4  miles,  average    .52  mi.    .52 

Station  385  to  460 
[^  miles,  average  .7  mi.  .7      " 

Station  460  to  500 
>.8  miles,  average         .4  mi. 
(85  to  460  dead  haul  m  nu. 

Total  78   "   1.8    "       X    9.36  "     =    16.8 

Station  500  to  524  +  14 
>.5  miles,  average        .25  mi. 
(60  to  500  dead  haul  .8    mi. 
J85  to  460   "       "    1.4    mi. 

Total  2.45  mi.  2.45  "       X    6.65  yds.  «  16.3 

103.01  215.44 

215.44  -r  103.01  »=  2.1  miles  average  haul. 

Haul  on  Cement 

Cement  delivered  at  Cuba  and  PortviUe. 

Station  o  +  00  to  160  Say  10  bbb.  to  mile 

I  miles,  average  1.5  mi.  7.5  miles  X  30  bbb. »  225  bbl.  mu 

lead  haul,  Portville  6^  mi. 

DO  o  +  00  7.5  mi. 

Station  160  to  460 

\M  miles,  average  2.84  mi. 

(60  to  524  +  14  dead  1.3    mi. 

Penn.  R.R.  to  524  +  14  .2    mi. 

4.34  mi. 

4.34  mi. X 56.8  bbls.=»  246.5  bbl.  mi. 
Station  460  to  500. 
B  miles,  average  0.4  mi. 

900  to  524  +  14  dead  .5  mi. 

Penn.  R.R.  to  524  +  M         .2  mi. 

I.I  mi. 

I.I  mi.X9.36  bbls.«io.3  bbl.  mi. 
Station  500  to  524  +  14 
.5  average  .25  mi. 

Penn.  R.R.  to  524  +  14        .2  mi.  .45  mi.  X  6.65  bbls.  =«  3.0  bbl.  mi. 

.45  102.81  484.8  bbl.  mi. 

484.8  -^  102.81  —  4.7  miles,  average  haul. 

Having  the  haul  figured  for  stone,  gravel,  cement,  and  sand,  it  was 
iedded  to  obtain  a  composite  price  for  the  agg;reg,^\fi  ol  \>c\&  q»<cv^x^\& 
instead  <rf  presenting  an  estimate  with  three  pncjea  Vox  <:w^cw.v^ 
kKOkUtkm.    TM§  wu  done  as  follows: 
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Field  Stone. 

Stone $.io  yd.  royalty 

Blasting   35  " 

Loading   iS  " 

Haul  to  crusher  1.5  @  40c    . .    .60  "  40c.  yd  mile  used  as  had 

*  Crushing   30  "  was  off  steep  hills  ind 

Haul  to  road  .8  mi.  @  35c. . .    .28  "  hard  grades 

$1.78  yd. 
Gravd. 

Gravel  (royalty)  $.50 

Stripping   05 

Loading  (by  hand)  .15 

Haul  to  Station  385,  o.i  mile  @i  35c .03 

Haul  on  road,  .65  miles  @  35c .23 

$^96 

Stone  at  Cuba  Quarry. 

This  stone  bought  from  quaiT>'  owner  at  flat  rate  of  75c.  in  bins: 

Stone    $.75 

Haul  1.3  @i  35c .455 

$1,205    Say$x.» 

Sta.  o-foo  to  330  =  6.25  miles  @  10  yds.  =62.5X$i.78*$iii.J5 
330  "  \(K>  =  2.46  ''  "  10  •*  =24.§X  .96-  23.62 
460  "  500  =  .8  •'  "  II. 7  "  =  9.36X1.21=  ii.i3 
50010524-1-14=    .5       "     **  13.3    •*     =  6.65X1  21 « 8x)5 

103.11  $154.25 

$154.25  -^  103.11  =  $1.49  composite  price 
Sand 

Sand  (screened)    Si. 00  yd.  royalty 

Ix)ading   10  " 

Haul  to  road  o.i  ^'  40c 04  ''  40c.  used  because  of 

Haul  on  road  2.1  miles  fe<  35c.. .  .735  steep  hard  grade 

$1^8/5         Say  $1.88 
Cement 

Delivered  at  Cuba  or  PortNnlle    $1.05  per  bbL 

Haul  .188  tons  X  4.7  miles  X  .29  per  Ion  mile  . . .     .25  "    ** 

$1.30 

Concrete 
Inasmuch  as  gravel  must  be  screened  and  sharp  sand  supplied,  the 
proportions  for  stone  concrete,  ratio  i  —  2  J  —  5,  were  used  in  phce 
of  standard  gravel  proportions.  This  is  FuUer^s  rule  for  piopoitioiis 
of  cement,  stone,  etc.,  for  one  cubic  yard  of  concrete.  A  table  d 
these  ratios  for  dilTorent  mixtures  is  found  on  page  248. 

Stone    $i.49X  .92  =  $1.3708 

Sand 1.88X  .46  =      .8648 

Cement 1.30X  l.2i  "    1.573 

$3.bo£6 

'  This  item  is  higher  than  noted  \n  lVv«  pkcv\qku3Lv  C^^^t^  OMt  data,  u  tbii  ci^ 
msteis  made  according  to  the  N.  Y.  ?>.  meVVioA.  ^YaOa  ^o«k  w*.  CBMaAflt^BtflV 
Mad  depreciation  as  a  separate  item. 


\ 


EXAMPLE    OF    METHOD  271 

Mixing  S  .40 

Spreading      20 

Profit  30% .8817 

$5-2903 
Say  ^5.30  per  cu.  yd. 

Note:  —  This  method  of  estimating  does  not  consider  deprecia- 
>n  directly.    See  other  method  of  estimating  following. 

The  method  of  estimating  the  top  course  for  a  Concrete  Bitumin- 
is  Top  road  does  not  vary  from  an  ordinary  bituminous  top  course, 
:cept  that  under  the  present  New  York  State  specifications  the 
(ursc  is  figured  for  loose  measure.  Therefore  the  items  for  con- 
lidation  and  filler  would  be  omitted. 

rick  Cost  Data  on  Country  Roads. 

The  cost  of  brick  pavements  on  country  roads  differs  somewhat 
om  similar  work  on  city  streets.  There  is  not  much  data  avail- 
>le  for  this  class  of  work,  but  through  the  courtesy  of  Mr.  Wm.  C. 
erkins.  First  Assistant  Engineer,  New  York  State  Department  of 
ighways,  the  author  is  able  to  give  some  unusually  reliable  data 
stained  from  fifteen  miles  of  brick  paving  averaging  14  ft.  wide, 
iiilt  near  Buffalo,  N.Y.,  in  1910.  Mr.  Perkins'  method  of  estimating, 
( g;iven  on  page  275,  assumes  that  20%  profit  on  both  materials  and 
jbor  will  take  care  of  the  plant  and  pay-roll  charges  and  give  a  reason - 
ble  profit.  The  method  of  estimating  is  different  from  that  given 
a  macadam  roads.    His  results  are  good. 

Bzcavation.  Where  brick  pavement  is  built  on  an  ordinary  unim- 
roved  country  road,  the  excavation  is  of  the  same  class  and  will 
)st  the  same  as  given  for  macadam  roads. 

Where  pavements  are  built  over  macadam  roads  and  the  old  sur- 
ice  must  be  cut  into  two  or  three  inches  and  reshap>ed,  the  excava- 
on  is  much  more  expensive.  For  this  class  of  work  see  page  278 
icarilying  and  reshaping). 

Labor  Manipulation  for  Different  Items  of  Brick  Pavement  Laid 
During  19x0,  in  the  Buffalo  Residency. 

These  items  figured  from  force  accounts  kept  by  the  different 
Dcineers  in  charge  of  roads. 
Labor  averaged  $0,175  P^^  hour. 
Concrete  Base,  5''  thick  (exclusive  of  edging). 
Machine^mixing,  laying  same  in  place,  including  labor  of  tamping,  etc. 
Road  No.  2-R,  Buffalo-Hamburg. .  $0.0853  per  sq.  yd. 

"        "     128,  Buffalo- Aurora 0.0991    "    "     "       (gravel 

concrete) 
*'    863,  Blasdell  Village ... .  0.1228   "    "    *' 
"      87,  Main  Street,  Sec.  2.   o. II 29   "    **    "     (3"  base) 
"    862,  Hamburg  Village  .  .  0.0655   "    "    "      (28'  and 

30'  wide) 

The  excessive  cost  on  Blasdell  Village  due  to  a  poor  concrete 
nixer  (gasoline)  which  was  constantly  breaking  do^^. 
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On  Main  Street,  Sec.  2,  poor  organization  and  too  high  price< 
men;  also,  lack  of  water,  causing  delays. 

On  Hamburg  Village  low  price  due  to  width  of  base  28'  and  30' 
allowing  work  to  progress  faster. 

On  Road  No.  69,  Main  Street,  $ec.  i,  edging  and  base  wer 
laid  in  one  operation;  gasoline  mixer;  plenty  of  water;  cement 
$1.12;  sand  $1.40;  labor,  $1.90  per  day;  stone,  $1.12  per  cu.  yd. 
base  3"  thick;  8"  edgings;  cost  in  place,  including  edging  S4.69< 
per  cu.  yd.,  or  $0,506  per  sq.  yd.,  or  $0,886  per  lin.  ft.  of  road. 

Assumption.  If  we  assume,  $0.09  per  sq.  yd.  as  an  average  cos 
for  16'  road  (exclusive  of  edging)  the  manipulation  would  b 
$0,648  per  cu.  yd. 

If  wc  assume  $0.0655  P^r  sq.  yd.  for  street  work  (Hamburg 
Village)  the  manipulation  would  be  $0,472  per  cu.  yd. 
Concrete  Edging,     8"  thick. 

Hand-mixed;  placing  same,  including  erecting  of  forms,  an4 
removing  same;  tamping,  placing  steel,  and  all  labor  necessar>' 
Road  No.  2-R,  Buffalo-Hamburg,  $0.0730  per  lin.  ft.  of  edging 

sq.  yd.  of  pavement 

(Road  16'  wide) 
lin.  ft.  of  s"  edging 
sq.  yd.  pavement 
(Road  14'  wide) 
lin.  ft.  edging 
sq.  yd.  pavement 
(Road  16'  wide) 
lin.  ft.  edging 
sq.  yd.  pavement 
(Road  16'  wide) 
On  Road  No.  862,  Hamburg  Village,  concrete  curb  6"  t 
10"  bottom,  15"  deep;   hand-mixed,  exposed  curbing,  all  lal 
including  erection  and  removal  of  forms,  $0.1294  per  lin.  ft. 
Assumptions-    If  we  assume  $0,082  per  sq.  yd.  of  pavin; 
cost  of  edging  and  $0.09  per  sq.  yd.  cost  of  base,  the  total 
per  sq.  yd.,   16'  road   (including  edging)  would  be  $0,172 
sq.  yd.,  or  the  manipulation  would  be  $1,238  per  cu.  yd. 

If  we  assume  $0,073  P^r  lin.  ft.  of  8"  edging  loj"  deep 
manipulation  would  be  $3,379  per  cu.  yd.  of  the  edging  in  j 
(This  high  cost  due  to  forms,  etc.,  and  the  small  amount  o' 
Crete  per  lin.  ft.) 

Sand  Cushion. 

Spreading  sand,  rolling,  and  making  bed  ready  for  worl* 
Road  No.  2-R,   Buffalo-Hamburg,  $  0.0102  per  sq.  yd. 
Road  No.  128,   Buffalo-Aurora,        0.0082  "    **     " 

Road  No.  863,   Blasdell  Village,        0.01S7 

Road  No.    87,   Main  St.,  Sec.  2,      0.0151 

Road  No.  862,   Hamburg  Village,     0.0160 (28' 


Road  No.  128,  Buffalo- Aurora, 


Road  No.  863,  Blasdell  Village, 


0.082 1 

0.0555 
0.0713 

0.0826 
0.0929 


Road  No.  87,  Main  Street,  Sec.  2,    0.0748 

0.0842 
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On   Main  Street.   Sec.   1,  Road  "So.  t^c^-,  sand,  $i.4( 
Si. go;    cost  per  sq.  yd.  2"  th\ck,  V^oSj^,  vwcXmCiatvv^  tw^\ 
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(28'  and  30' 
wide) 


Assumption.  From  the  above  I  would  assume  $0,013  P^r 
sq.  yd.  as  cost  of  preparing  sand  cushion. 

Brick  Pavement. 

Laying  brick,  including  all  labor  of  handling  from  the  piles, 
removing  all  culls,  and  the  rolling  of  the  brick. 
Road  No.  2-R,  Buffalo-Hamburg,  $0.0611  per  sq.  yd. 
Road  No.  128,  Buffalo-Aurora,        0.0544 
Road  No.  863,  Blasdell  Village,       0.0969 
Road  No.    87,  Main  St.,  Sec.  2,      0.0965 
Road  No.  862,   Hamburg  Village,   0.0700 
Road  No.    69,  Main  St.,  Sec.i,        0.0983 

Assumption. 

I  consider  Blasdell  and  Main  Street,  Sec.  i  and  Sec.  2,  too 
high  and  the  engineer  claims  that  the  force  was  cut  up  and 
wasted  time. 

I  would  assume  $0,070  per  sq.  yd.  as  cost  of  laying  brick,  etc. 

Groutiiig. 

Necessary  grouting  to  obtain  flush  joints,  scoop  method,  in- 
cluding the  placing  of  the  protecting  sand  covering. 

Road  No.  3~R,  Bu£falo-Hamburg,$o.o2i9persq.  yd. 

Road  No.  128,  Buffalo- Aurora,       0.021 1 

Road  No.  863,   Blasdell  Village,      0.0322 

Road  No.    87,   Main  St.,  Sec.  2,     0.0321 

Road  No.    69,  Main  St.,  Sec.  i,     0.0285 

Road  No.  862,  Hamburg  Village,   0.0273 
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(28  and  30' 
wide) 

On  Main  St.,  Sec.  i.  Road  No.  69;  sand,  $1.40;  cement,  $1.12; 
labor,  $1.90;  actual  cost  $0.0848  per  sq.  yd.,  including  materials. 
Assumption. 

From  the  above  I  would  assume  $0,028  per  sq.  yd.,  as  the  cost 
of  applying  grout. 

Expansion  Joints. 

Removing  strips,  cleaning  joints,  and  pouring  tar. 
Road  No.  2-R,  B ufifalo- Hamburg ,$0.006 7  per  lin.  ft.  of  joint 

0.0076  "  sg.  yd.  pavement 
(Road  16'  wide) 
Road  No.  128,   Buffalo- Aurora,     $0.005 7  per  lin.  ft.  of  joint 

0.0073  "   sq.  yd.  pavement 
(Road  14'  wide) 
Road  No.  863,   Blasdell  Village,    $0.0115  per  lin.  ft.  of  joint 

0.0129   "  sq.  yd.  pavement 
(Road  16'  wide) 
On  Main  Street,  Sec.  i.  Road  No.  69,  the  expansion  joints  cost 
$o.o2q6  per  lin.  ft.,  or  $0,033  P^*"  sq.  yd.  (Road  16'  wide),  in- 
cluding material,  labor,  etc. 
Assumption. 

From  the  above  I  would  assume  $0,007$  \iti  ^x.'^^.^^x^^^^'*. 
of  expansion  joints. 
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Unloading. 

Data  for  unloading  not  reliable. 

Road  No.  3-R  Buffalo- Hamburg  .  .$0,014  P^f  sq.  yd. 

Road  No.  863,  Hamburg  Village    . .  Contract  taken  for  $1.50  per 

1,000  brick;  unloaded,  haul 
i  mile,  and  pile;  this  would 
be  $0.06  per  sq.  yd. 

Road,  No.  69,  Main  St.,  Sec.i $0,019  P^  sq.  yd. 

Assumption. 

I  would  assume  $0,028  per  sq.  yd.  as  on  and  off. 

Hauling. 

No  reliable  data. 

If  we  allow  600  brick  per  load,  $5  per  day  for  teams,  xo  loads 
per  day,  haul  i  mile  costs  $0,034  per  sq.  yd. 

Summary,  Labor  Coat  of  Brick  Pavement. 

Manipulation  of  Concrete 

Pavement  16'  wide;   edging  8"  X  loj". 

Concrete  base $0.09   per  sq.  yd. . .  $0,648  per  cu.  yd. 

edge 0.082   *'     *'     '*   . .  3.378  "    '*     •' 

Concrete  base  and  edging. .  .$0,172   "     "     "    ..   1.238  "     **    " 


Brick  Work  Labor 

Preparing  sand  cushion $0.0130  per  sq.  yd. 

Laying  brick 0.0700  •*  **  " 

Grouting   0.0280  "  "  " 

Expansion  joints 0.0075  "  **  " 

On  and  off 0.0280  *•  "  " 

Haul  one  mile, o.o.^jo  **  *'  " 

Cost  of  labor S0.1S05  '*  "  " 

Useful  Data  for  Brick  Roads. 


6"  X  loJ"  edging  per  lin.  ft.  of  edging 0.016203  cu.  yd. 

8"  X  loi"       "       '*     "    "       "      0.021605   "     " 

5"  X  16'    concrete  foundation  per  lin.  ft.  16' 

road 0.24691      **     " 

2"  sand  cushion  loose  per  sq.  yd o-05SS        ** 

I  barrel  of  cement  will  grout  36  sq.  yds.  of  pavement. 

I  barrel  of  paving  pitch  will  fill  130  lin.  ft.  of  joints  i"  wide. 

Amount  of  Grout  Required  for  Stone  Block  Paving. 

For  blocks  similar  to  Medina  sandstone  blocks,  running  about 

26  to  the  sq.  yd.,  Gillette  states  that  0.6  cu.  ft.  of  joint  filler  are 

required  per  sq.  yd.  of  pavement  with  joints  averaging  J"  wide. 

Second  quality  blocks  with  wider  igmvs  le^uite  proportionally 

more. 
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STANDARD  ESTIMATE,  BRICK  SURFACING,  EXCLUSIVE 

OF  FOUNDATION 

Materials. 

Per  Sq.  Yd. 

Cost  of  brick,  f.o.b.  unloading  point $ 

"     "  sand  for  sand  cushion,  on  job 

u        u        u         a     gjQyj.^  Qjj  JQlj 

"     "  cement  for  grout,  on  job 

"     *^  paving  pitch  for  expansion  joints,  on  job 

Labor  and  Teaming. 

Unloading  brick  and  piling  along  road $0,035 

Hauling  brick  per  mile   0.040 

Preparing  sand  cushion 0.020 

Laying  brick 0.070 

Grouting    0.028 

Expansion  joints 0.007 

Total    S  — 

Add  20%  profit \ — 

Estimate   $  — 

SAMPLE  —  Standakd  Estimate,  Brick  Pavement — 

Wm.  C.  Perkins 

Brick:  $22.50  per  1,000  f.o.b.  cars  at  Road  siding, 

bricks  lay  40  to  the  sq.  yd. 
Labor,  $0,175  per  hour,  10  hours. 
Sand,      1. 00  per  cu..yd.  on  cars  at  siding. 
Stone,     1.25  per  cu.  yd.  on  cars  at  siding. 
Cement,  1.30  per  bbl.  delivered  on  work. 
Sand: 

f.o.b.  cars $1.00 

Unloading   15 

Haul  I  mile  @  $0.30 .30 

Cost  cu.  yd.  sand $1.45 

Stone: 

f.o.b.  cars $1.25 

Unloading    15 

Haul  I  mile  @  $0.30 .30 

Cost  cu.  yd.  stone   $1.70 

Concrete:   1-2^-5. 

Use  any  standard  mixing  tables,  stone  i"  and  under,  dust 
crcened  out. 

Cement,  1.19  bbls.  X  $1.30  =  $1.55 
Sand,  0.46  cu.  yds.  X  1.45  =  0.67 
Stone,  0.91  **  X  1.70  "-  1.55 
Manipulation —    0.50 

$4.27 
20  %  profit .gy^ 

Total ^V^*^ 
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The  manipulation  is  based  on  machine-mixing  and  is  for  base 
alone  laid  5"  thick.  The  concrete  edging  is  estimated  separately 
and  runs  from  $0.13  to  I0.15  per  lin.  ft. 

Material  per  Square  Yard 

Brick  f.o.b.  cars $0,900 

Sand  cushion  and  cover 0.080 

Grout  (sand  and  cement)   0.042 

Materisil  expansion  joint 0.008 

Labor  per  Square  Yard 

Unloading  and  piling $0,035 

Haul  I  mile 0.040 

Laying  and  rolling 0.070 

Making  sand  cushion 0.020 

Grouting 0.028 

Expansion  joints 0.007 

Culling,  replacing,  etc    0.005      0.205 

$1,235 
20  %  profit .247 

Total $1,482 

Therefore,  standard  16'  road  is  estimated  to  cost,  per  square 
yard  (exclusive  of  edging) : 

Concrete  base $0,711 

Brick 1.482 

Total $2,193  per  sq.  yd. 

Say,  $2.20    per  sq.  yd. 

In  the  above  estimate  I  have  allowed  20%  profit  on  material 
and  freight.  I  do  this  so  as  to  cover  all  interest  charges,  inci- 
dentals, contingencies,  etc.  I  consider  this  one  of  the  fairest 
ways  to  take  care  of  all  general  expenses. 

MAINTENANCE  AND  REPAIR  COSTS 

Cold  Oiling.  The  following  data  is  furnished  by  Mr.  Frank 
Bristow,  Supt.  of  Repairs,  Division  No.  5,  New  York  State 
Department  of  Highways.  The  work  was  done  in  1910.  Labor 
averaged  $0.20  per  hour;  teams,  $0.50  per  hour. 

Oiling.  Actual  Cost  Data.  No.  6  stock  or  65%  asphaltic 
base  oils  applied  cold  by  Studebaker  Oiler  upon  macadam  road 
which  had  been  swept  by  horse  sweeper,  oil  being  broomed 
by  hand  where  necessary  and  then  covered  by  a  thin  coat  of 
dustless  screenings,  or  gravel,  spread  by  hand. 

The  labor  costs  include  pumping  oil  from  the  car  tank,  hauling 
same   to  road,   applying  same,  sweeping  road  and   spreading 
screenings;    also,  demurrage  on  cars  aiid  mo\\Tk^  tools  and  re- 
pairs, but  not  cost  of  the  plant. 
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Other  informatioii  would  show  that  cost  per  mile  to  sweep 
erage  road  is  S8.3J;  cost  per  gallon  applying  oil  S0.0075; 
it  al)  labor  sweeping,  hauling,  applying  oil  and  covet  about 
.0J3  per  gal.  used. 

Bot  Tar  Flush  Coats.    The  cost  of  applying  hot  tar  flush  coats 
hand  is  practically  the  same  as  given  for  applying  Bituminous 
:ider  penetration  method. 
The  writer  Itas  no  reliable  data  on  Che  cost  of  machine  appli- 

^■icium  Chloride.  The  cost  of  applying  calcium  chloride  as 
emporary  dust  layer  on  ten  miles  of  road  in  Monroe  County, 
v.,  as  given  by  Mr.  Frank  Brislow,  First  Assistant  Engineei, 
w  York  State  Department  of  Highways,  is  as  follows: 
The  material  was  applied  by  an  ordinary  agricultural  drill. 
e  force  used  was,  i  horse  and  driver,  to.30  per  hour;  i  helper. 
10  per  hour.  No  preliminary  work  of  sweeping  was  done; 
r  material  was  spread  on  the  middle  12  feet  of  macadam,  using 
jroximately  0.75  lbs.  to  the  sq.  yd.,  the  average  speed  being 
miles,  or  3,500  sq.  yds.,  per  day,  at  a  cost  of  $0.0015  P^' 
yd. 
Cost  of  calcium  chloride  at  plant    .  . .  .S13.00      net  ton 

Freight 1.60      per    " 

Unloading  from  cars,  approximately  .  .      0.15        "      " 
Hauling  three  miles,  "  ,  ■     o.QO        "      " 

Total,  delivered  on  road     .  .  .$15.65 
Total  per  sq.  yd.  delivered  on  road  . . .     0.0059 

Labor  of  spreading 0.0015 

Total  per  sq,  yd.  in  place  . .  ,$  0.0074 

Total  per  mile  13'  wide,  approumate\y .%Vi-'*^ 

laappiag.     The  cost  of  Tecapping  wto  ftu^  sVj\t  ti ^""^ 
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is  practically  the  same  as  original  construction  for  that  style  of 
work  except  the  item  of  scarifying  and  reshaping  the  old  rcMul. 

Scarifying.  The  cost  of  scarifying,  as  given  by  Mr.  £.  A. 
Bonney  on  the  Erie  County  repair  work  for  the  season  of  1907, 
is  as  follows: 

COST  DATA  ON  RESHAPING  ROAD 

Work  was  done  on  Main  Street  Road,  No.  69,  Erie  County, 
N.Y.,  between  July  15  and  Sept.  13,  1907. 

The  road  had  been  built  as  a  waterbound  macadam.  It  was 
worn  out,  particularly  in  the  center.  There  were  few  ruts,  but 
the  road  was  nearly  level;  in  some  stretches  the  center  was 
lower  than  the  sides.  It  was  proposed  to  reshape  the  road  and 
to  lay  a  new  top  course  treated  with  tarvia. 

The  work  of  reshaping  was  done  by  loosening  the  old  surface 
with  spiked  wheels  of  roller;  this  separated  the  crust  into  chunks 
of  various  sizes  which  were  broken  up  by  men  with  picks.  The 
stone  was  then  raked  from  the  sides  to  the  center,  brought  to 
the  required  crown,  and  rolled  until  ready  for  the  new  course 
of  stone. 

The  cost  of  the  complete  operation  included  the  number  of 
men  picking  and  the  rollerman's  salary. 

Labor $0,175  P^r  hour 

Rollerman 0.300   **       " 

The  roller  was  rented  at  a  flat  rate  of  $5.00  per  day,  and  a 
portion  of  the  time  it  was  used  on  other  parts  of  the  work. 
This  cost  plus  the  coal  and  oil  is  not  included. 

The  data  was  compiled  daily,  and  as  the  work  was  performed 
practically  every  working  day  between  the  dates  named  an 
average  of  the  square  yard  price  should  be  nearly  correct.  The 
highest  cost  on  any  one  day  was  $0.06  per  sq.  yd.,  the  lowest 
cost  $0,016,  and  the  general  average  $0.03  per  sq.  yd. 

*  Through  the  courtesy  of  Mr.  Halbert  P.  Gillette,  author  of 
'*  Handbook  of  Cost  Data/'  we  are  able  to  publish  the  following: 

Cost  of  Resurfacing  old  Limestone  Macadam.  ''  In  Engineer- 
ing News,  June  6,  1901,  I  gave  the  following  data  to  show  that 
the  intermittent  method  of  repairing  macadam  is  the  most 
economic.  The  data  were  taken  from  my  timebooks  and  can 
be  relied  upon  as  being  well  within  the  probable  cost  of  similar 
work  done  by  contract  under  a  good  foreman.  It  will  be  noted 
that  the  cost  of  operating  the  roller  is  estimated  at  $10.00  per 
day.  This  includes  interest  and  depreciation  as  well  as  fuel 
and  engineman's  wages. 

^'  The  road  was  worn  unevenly,  but  as  it  still  had  sufficient 
metal  left,  very  little  new  metal  was  added. 

"The  roller  used  was  a  12-ton  Buffalo  Pitts,  provided  with 
steel  picks  on  the  rear  wheels.     It  required  eighty  hours  of  rolling 

'Gillette's  Handbook  of  Cost  Data.  Myron  C .  OsltV ^V^^t^^^CwwCMiy.wBtioB 
«  1007,  page  147.    Pages  a88  and  aSg,  edition  ol  njio,\n^^x\3L>f  ^^StandLVncBu 
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with  the  picks  in  to  break  up  the  crust  of  a  surface  19,400  sq.  yds. 
in  area,  240  sq.  yds.  being  loosened  per  hour.  The  crust  was 
exceedingly  hard,  and,  at  times,  the  picks  rode  the  surface  with- 
out sinking  in,  so  that  a  lighter  roller  would  probably  have 
been  far  less  efficient.  In  fact,  a  ten-ton  roller  had  been  used 
a  few  years  previous  for  the  same  purpose  at  more  than  double 
the  expense  per  square  yard,  I  am  told.  The  picks  simply  open 
up  cracks  in  the  crust  to  a  depth  of  about  four  inches,  and  it  is 
necessary  to  follow  the  roller  with  a  gang  of  laborers  using  hand 
picks  to  complete  the  loosening  process.  The  labor  of  loosening 
and  spreading  anew  the  metal  was  1.880  man-hours,  or  a  trifle 
more  than  10  sq.  yds.  per  man-hour.  About  60%  of  this  time 
was  spent  in  picking  and  40%  in  respreading  with  shovels  and 
potato  hooks. 

"  After  the  material  had  been  respread,  the  short  section  was 
drenched  with  a  sprinkling  cart,  water  being  put  on  in  such 
abundance  that  when  the  roller  came  upon  the  metal  the  screen- 
ings which  had  settled  at  the  bottom  in  the  spreading  process 
were  floated  up  into  the  interstices.  The  roller  and  sprinkling 
cart  were  engaged  only  63  hours  in  this  process,  300  sq.  yds. 
being  rolled  per  hour;  an  exceptionally  fast  rate.  The  rapidity 
of  rolling  was  due  to  four  factors:  i.  The  great  abundance  of 
water  used,  the  water  being  a  very  short  haul.  2.  The  unyield- 
ing foundation  (telford)  beneath.  3.  The  abundance  of  screen- 
ings and  flne  dust,  the  road  not  having  been  swept  for  some  time. 
4.  The  great  weight  of  the  roller,  which  was  run  at  a  high  rate 
oif  speed.  I  am  not  prepared  to  say  that  longer  rolling  would 
not  nave  secured  a  harder  surface,  but  I  doubt  very  much  whether 
it  would.  The  metal,  I  should  add,  was  hard  limestone.  Sum- 
ming up,  we  have  the  cost  of  resurfacing  the  road  per  square  yard 
to  have  been  as  follows: 

Cents  per  sq.  yd. 

Picking  with  roller  at  $1  per  hour 0.40 

Picking  by  hand  labor  at  $0.20  per  hour 1.20 

Respreading  by  hand  labor  at  $0.20  per  hour  ....   0.80 

Rolbng  with  roller  at  $1  per  hour 0.33 

Sprinkling  with  cart  at  $0.40  per  hour 0.13 

Foreman,  143  hours  at  $0.30  for  19,400  sq.  yds.  . .   0.44 

Total 3.30 

"At  this  rate  a  macadam  road  sixteen  feet  wide  can  be  re- 
surfaced for  a  little  more  than  S300  per  mile.  The  frequency 
with  which  such  resurfacing  is  necessary  will,  of  course,  depend 
upon  several  factors,  chief  of  which  are  the  amount  of  traffic  and 
the  quality  of  the  road  metal.  I  should  say  that  five  years 
would  not  be  far  from  the  average  for  a  country  road  built  of 
hard  limestone.  Unless  the  road  has  had  an  excess  of  metal 
used  in  its  construction,  new  metal  should  be  added  at  the  time 
of  resurfacing  to  replace  that  worn  out. 

"  I  am  unable  to  see  how  any  syslertv  ol  toTv\A!Kv\o>is»  x^^^'^^x 
with  its  puttering  work  here  and  thcie  caiii  \i^  ^"&  tt^Twc>xsC\«\  "5c* 
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work  done  in  the  manner  above  described.  I  would  not  be 
understood,  however,  as  favoring  an  entire  neglect  of  the  road 
between  repair  periods.  At  times  of  heavy  rains  and  snows, 
ditches  and  culverts  need  attention  and  there  should  be  some 
one  whose  duty  it  is  to  look  after  such  matters.  What  I  do 
question  is  the  economy  of  having  a  man  continuously  at  work 
putting  in  patches  upon  the  road.'' 

>nEW  YORK  STATE  PATROL  IfAmTENANGE,  1910 

The  standard  Patrol  distance  is  five  miles.  I 

The  standard  Patrol  distance,  brick  roads,  is  twelve  miles. 

Patrolman's  wages  S78  per  month,  including  horse  and  cart. 
Patrol  is  operated  eight  and  one-half  months  in  a  year.  • 

The  cost  of  this  system  of  maintenance  per  mile  for  1910  was,   1 
approximately,  $250  exclusive  of  administration  charges. 

Patrolman's  wages $125.00 

Materials 125.00 

$250.00 

These  costs  do  not  include  surface  treatments.  Such  a  treat- 
ment of  a  road  every  two  years  would  amount  to  about  $375 
a  mile  per  year  on  waterbound  roads. 

Automobile  Truck  Repair  System.  The  tendency  on  minor 
repair  maintenance  work  seems  to  be  towards  lengthening  the 
patrol  distance;  confining  the  duties  of  the  patrolman  to  dean- 
mg  culverts  and  ditches,  trimming  shoulders,  and  reporting  the 
necessity  of  minor  repairs.  It  is  believed  that  these  repairs  can 
be  handled  more  economically  from  a  central  i>oint  by  the  use 
of  an  automobile  truck  specially  equipped  for  such  work  and 
which  can  operate  within  a  radius  of  20  to  30  miles.  Special 
trucks  have  been  devised  with  facilities  for  heating  and  applying 
bituminous  materials  as  well  as  carr>'ing  materials. 

Conclusion.  In  conclusion  the  author  desires  to  again  call 
the  attention  of  the  reader  to  the  fact  that  while  cost  data  is 
valuable  it  must  be  used  with  discretion  and  not  figured  too 
closely. 

1  Data  obtained  from  Mr.  Frank  Bristow,  Supt.  of  Repaixs.  N.Y.S.  Dept.  d 
Highways. 


CHAPTER  XI 
BOTES  OH  CORSTRDCnOK 

itter  how  well  a  road  is  designed,  unless  the  constructing 
uses  good  judgmcnl,  and  the  inspection  is  conscientious 
tigenl,  tbe  results  will  not  be  satisfactory.  This  chapter 
les  the  importance  of  the  different  stages  of  the  work  and 
Few  suggestions  aa  to  the  manner  of  meeting  common 

g  out  for  ConBtniction.  The  construction  survey  picks 
enter  line  shown  on  the  plans  and  by  means  of  offset 
iven  to  a  certain  elevation  marks  the  position  and  e!e- 
'  the  road  conveniently  for  building.  Any  arrangement 
i  that  shows  the  position  of  the  proposed  center  line 
elevation  of  the  proposed  grade  is  satisfactory.  These 
ay  be  set  on  one  or  both  sides  of  the  road  at  intervals 
too  feet.  The  offsets  to  the  center  line  may  be  marked  to 
;st  one-tenth  foot,  or  the  stakes  may  be  so  set  that  the 
an  even  fool,  and  they  may  be  driven  so  that  the  ele- 
f  the  proposed  grade  is  above  or  below  them  an  even 
-half  foot,  or  an  odd  tenth.  A  satisfactory  method  in 
ise  in  western  New  York  is  to  set  the  construction 
both  sides  every  50  feel,  with  an  evbn  foot  offset  ftod 
such  elevation  that  they  are  either  an  even  foot  or 
foot  above  or  below  grade. 
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Such  stakes  can  be  readily  explained  to  the  ordinary  grading 
foreman  so  that  he  has  no  difficulty  in  working  from  them  without 
the  assistance  of  an  inspector.  The  50-foot  interval  is  convenient 
for  fine  grading,  as  the  lines  can  be  stretched  this  distance  witk 
no  apparent  sag,  while  if  a  loo-foot  interval  is  used  the  sag  b  ob- 
jectionable. With  stakes  on  both  sides  of  the  road  the  elevatios 
of  the  proposed  grade  can  be  readily  transferred  to  the  center 
by  stretching  a  line  between  them  and  measuring  down  or  np 
the  required  amount.  This  is  a  much  simpler  and  more  accunte 
method  than  transferring  by  straight-edge  where  two  or  three 
lengths  of  straight-edge  must  be  used  from  the  stake  to  the  center. 


bradiSfake    .^ 
Marked  C  4.0"^ 
Offset  28.0' 
J< 


MaHMlCU 
OfhttZU^ 

Fig.  68.  —  Showing  Suggested  Method  of  Staking  out 

The  left  stake  marked  C  4.0'  ofTset  28.0'  means  that  the  cron 
grade  of  the  finished  road  is  4.0  feet  below  the  top  of  this  stake  and 
that  the  proposed  center  line  of  macadam  is  28.0  from  the  face  of 
the  stake. 

To  transfer  tltc  proposed  grade  to  the  center  by  the  string  mdkti. 
Fasten  chalk  line  to  top  of  left  stake;  measure  up  3.0'  above  top  of 
right  stake  and  draw  line  taut  at  this  elevation.  The  string  is  Kvd 
and  4.0'  above  crown  grade.  Pull  as  tight  as  possible,  allow  about 
i"  for  sag  and  measure  down  3'  ii}'  for  finished  grade. 


Cost  of  Staking  Out.  The  speed  and  cost  of  staking  at  50-foot 
intervals  will,  of  course,  vary  with  the  experience  of  the  men  and 
the  character  of  the  road.  A  party  of  four  men  should  pick 
up  the  proposed  center  line  and  set  offset  stakes  on  both  sides  at 
a  speed  of  1.5  to  2  miles  a  day;  a  party  of  three  men  should  grade 
these  stakes  at  a  speed  of  i.o  to  2.0  miles  a  day,  and  the  cost  of 
staking  out  for  construction,  including  livery  and  board,  would 
be  from  $20  to  $30  per  mile. 

It  is  common  for  new  men  to  sp>end  an  unnecessary  amount  of 
time  in  setting  the  grade  stakes.  They  will  often  attempt  to  ha« 
the  elevation  of  the  grade  stakes  correct  to  within  0.01  foot.  For 
all  practical  purpose^,  for  work  of  this  character,  stakes  correct  to 
within  0.1  foot  in  elevation  and  o.i  foot  in  alignment  are  satisfac- 
tory. Curb  stakes  for  village  work,  however,  should  be  carefully 
set  to  within  0.02  foot  in  elevalVon  and  Wnc. 
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Rou^  Grading.  B^  rough  grading  is  meant  all  ol  the  work 
•nlimintiry  to  the  finished  shaping,  and  includes  moving  prac- 
ically  all  the  dirt  that  is  to  be  handled.  It  is  particularly  im- 
•ortant  to  supervise  this  stage  of  construction,  as  it  is  here  that 
he  coDStructmg  engineer  regulates  the  placing  of  the  best  material 
a  the  center  (under  the  metalling)  and  the  poorer  materials  on 
he  sides. 

In  order  to  grade  economically,  the  contractor  and  inspector 
Jtould  each  be  furnished  with  lists  similar  to  those  given  below, 
Itowing,  in  a  convenient  form,  the  amount  of  excai'ation  slalion 
ly  station  and  within  what  bounds  it  is  to  be  placed. 
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Cuts.  For  cuts  over  3  feet  deep  slope  stakes  are  placed  and  care 
:*keii  that  the  slopes  are  properly  carried  down.  If  excavated 
jeyoDd  the  finished  lines  it  Is  practically  impossible  to  make  a 
Mck-fill  that  will  hold  and  the  resulting  irregularities  are  un- 
nghtly. 

Fills.  For  fills  slope  stakes  ate  set  in  the  same  manner  as 
ioT  cuts.  The  earth  should  be  deposiled  in  thin  layers,  six  to 
tight  inches  deep,  extending  from  slope  to  slope,  and  each  layer 
well  compacted  either  with  a  roller  or  by  driving  over  it  with 
wagons  in  the  process  of  building.  Where  the  old  surface  hat 
a  steep  slope  it  must  be  plowed  to  give  a  good  bond  wilK  Oca 
new  fill  and  prevent  slide.  , 

U  is  bad  practice  to  build  the  center  ol  \.\ve  feW  a"hA  Wsiv  ^t.-je 
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loose  material  off  of  the  edge  to  widen  the  slopes,  as  this  looae 
side-fill  is  not  compacted  and  under  the  action  of  frost  will  nearly 
always  slough  away  from  the  harder  central  portion. 


Old  ^ 


To  get  the  full  benefit  of  the  teaming  in  compacting  the  dirt, 
a  deep  fill  should  be  started  at  a  point  nearest  the  cut  from 
which  the  material  is  hauled  and  each  load  driven  over  the  loose 
layer.  In  this  way  nearly  every  fill  can  be  better  compacted 
than  by  the  use  of  a  roller  alone.  For  long  fills  where  there 
b  considerable  teaming  over  each  layer  a  roller  is  not  usually 
needed. 

Wet  clay  or  heavy  loam  should  never  be  placed  in  the  bottom 
of  a  fill,  as  it  dries  slowly  when  not  in  contact  with  the  air  and  keeps 
the  fill  *'  spongy.''  The  writer  has  seen  cases  where  fills  not  over 
3  feet  deep  have  remained  soft  for  two  months  where  wet  material 
had  been  used  and  it  was  finally  necessary  to  remove  it. 

Transferring  Grade  from  Stakes.  A  handy  level  for  trans- 
ferring the  grade  from  stakes  to  the  center  of  the  road  is  shown 
below.  If  well  made  it  will  transfer  the  grade  elevation  50  feet 
with  an  error  of  less  than  3  inches,  which  is  close  enough  for  this 
stage  of  the  construction: 

Ditches.  The  ditches  must  always  be  dug  out  enough  to 
protect  the  center  grading  before  the  fine  grading  (stone  trench) 
is  completed,  and  it  is  usually  cheaper  for  the  contractor,  as 
well  as  better  for  the  road,  to  dig  them  out  before  the  fine  grading 
begins. 


String 


c 


i 


Ring 
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Fig.  70 

Regulation  of  Material  in  Fills.  In  fills,  particularly  shallow 
ones,  the  road  can  be  greatly  improved  by  a  judicious  selection 
of  available  materials.  Material  taken  from  two  nearby  cuts, 
or  at  different  depths  in  the  same  cut,  will  often  vary  in  character 
and  the  most  experienced  man  on  the  job  should  indicate  which 
materials  to  use  in  the  center  of  the  fill,  under  the  metalling,  and 
which  on  the  sides.  The  soils  in  the  order  of  value  for  fills  are 
gravel,  coarse  sand,  loam,  and  clay.  For  shallow  fills  on  a  good 
foundation  clay  should  not  be  used  under  the  stone,  as  men- 
tioned  on  page  62,  and  a  good  material  must  be  overhauled  or 
borrowed.  It  is  better  to  avoid  oveiVv^ul  U  possible,  as  it  is  as 
ytew  liable  to  be  disputed  as  to  t\ie  amowivV.    \H\sL«t\\.S&T«ctt- 
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lary,  a  good  practical  method  of  determining  the  amount  of  the 
smaU  quantities  of  earth  usually  needed  is  to  keep  track  of  the 
number  of  wagon  loads  overhauled  from  station  to  station. 

Sod  may  be  used  in  the  sides  of  the  fill,  but  should  be  kept  at 
least  eleven  feet  off  center.  It  should  NEVER  be  used  as  a 
shoulder  close  to  the  stone  or  in  the  center  of  the  fill  under  the 
metalling. 

The  author  wishes  to  emphasize  the  importance  of  this  regu- 
lation of  material.  At  present  the  inspection  of  rough  grading 
is  often  confined  to  keeping  the  sod  from  the  center  fill,  and  the 
cepter  fill  is  made  of  the  dirt  just  as  it  happens  along.  As  a 
result,  the  subgrade  will  vary  greatly  in  character  and  if  a  uni- 
form depth  of  stone  is  used  over  this  ''  spotty  ''  fill  the  results 
are  often  not  satisfactory,  while  if  the  depth  of  stone  is  varied 
to  meet  the  subgrade  conditions  an  unnecessary  amount  of 
stone  is  used.  In  cases  where  there  is  no  choice  of  earth  materials 
the  stone  depth  must  be  made  thick  enough  to  meet  the  require- 
ments of  the  grade. 

FINE  GRADING  FOR  STONE  TRENCH 

The  fine  grading  includes  the  shaping  and  consolidation  of 
the  stone  trench. 


,6rading\PinSy^ 


Constwch'on    - 
Shoulder 


Fig.  71.  —  Showing  3  Lines  of  Grading  Pins 

The  construction  shoulder  must  be  at  least  2.5'  and  well  consoli- 
dated in  order  to  hold  the  stone  solidly  during  rolling.  This  must 
be  watched  continually  by  the  inspector  as  it  is  a  point  often 
slighted. 


Shaping  &e  Grade.  A  simple  guide  for  shaping  the  grade  is 
shown  in  the  accompanying  sketch  and  consists  of  three  strings 
(center  and  sides)  stretched  between  pins  driven  at  least  every  50 
feet  and  preferably  every  25  feet.  The  pins  should  not  be  placed 
at  intervals  of  more  than  50  feet  as  this  will  cause  objectionable 
sag  in  the  lines  and  the  grade  will  be  undulating.  The  grade  ele- 
vation is  transferred  and  the  lines  carefully  set  at  their  proper 
etevation  by  means  of  a  straight-edge,  level  and  rod,  or  by  stretch- 
ing a  line  between  grade  stakes  on  opposite  sides  of  the  road  as 
previously  described.  The  siring  level  recommended  for  rough 
padlng  cannot  be  used,  as  it  is  not  sufficiently  accurate. 

The  general  level  of  the  finished  consolidated  grade  should  be 
correct  to  within  i  inch.     This  leeway  of  \  \tvcVv  (lorcv  \\v^  ^'^^^^ 
prade  makes  it  possible  to  get  satisfactory  ies\x\Vs»  ^\\\tfi\3X  ^•a.^V-- 
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ing  time  on  finical  work  and  does  not  appreciably  affect  the  total    ' 
amount  of  excavation,  as  the  errors  tend  to  balance.     There 
should,  however,  be  no  short,  small  irregularities  of  grade  notice 
able  to  the  eye.     Continuous  inspection  on  shaping  the  grade  is 
not  necessary. 

Consolidating  the  Grade.  Most  soils  when  slightly  moist 
will  consolidate  readily  if  thoroughly  rolled.  Clay,  heavy  loams, 
or  excessively  fine  sandy  loams  (quicksand)  will  not  pack  when 
wet.  Continued  rolling  is  injurious  for  these  soils  in  this  con- 
dition, as  they  will  "  work "  under  the  roller.  If  they  occur 
only  in  small  pockets  they  can  be  removed  and  replaced  with 
good  material;  if  in  stretches  of  any  length  the  grade  must  dry 
out  before  placing  the  stone.  Under  drains  are  constructed  at 
this  time,  where  necessary,  and  the  surface  ditches  are  cleaned 
out  and  made  effective.  Where  a  hard  shower  has  softened  the 
surface  only  of  a  previously  consolidated  grade  of  this  kind  and 
the  contractor  wishes  to  lay  stone,  the  surface  can  be  hardened 
by  spreading  a  thin  layer  of  gravel  or  waste  No.  2  stone  and  toUing 
it  into  the  earth.  This  will  help  in  preventing  the  stone  teams 
from  cutting  up  the  grade. 

Gravels  and  finely  pulverized  clay,  or  clay  loams  (deep  dust), 
will  not  consolidate  when  dry;  such  material  must  be  thoroughly 
sprinkled  to  get  a  compact  grade.  It  is  not,  however,  customary 
to  sprinkle  coarse  gravels,  even  if  slightly  loose,  as  no  objectionable 
results  follows  from  placing  stone  on  such  a  grade;  deep  clay  or 
loam  dust  is  objectionable  and  must  be  sprinkled. 

Coarse  sand  makes  an  ideal  foundation  but  is  hard  to  keep 
in  shape  while  placing  the  first  layer  of  stone.  In  some  cases 
sprinkling  will  harden  it  sufficiently;  in  others  a  layer  of  fine 
loam  has  been  spread  over  the  sand  and  flushed  in  with  satisfac- 
tory results.  Sometimes  where  loam  is  not  available  a  cheap 
cheese-cloth  has  been  spread  over  the  top  of  shifting  sand  to 
prevent  the  stone  from  punching  in  too  much  under  the  roUa. 
The  author  has  never  encountered  any  coarse  sand  that  couM 
not  be  successfully  treated  by  sprinkling  and  covering  with  1 
inch  or  2  inches  of  No.  2  stone;  the  blanket  of  No.  2  stone  pie- 
vents  the  sand  from  squeezing  up  into  the  loose  bottom  stone  and 
spreading  the  fragments. 

While  coarse  sand  makes  a  good  foundation,  a  fine  sand  01 
sandy  loam  approaching  quicksand  is  very  treacherous;  it  is 
difficult  to  judge  the  degree  of  fineness  at  which  a  sand  becomes 
treacherous,  particularly  when  it  is  dry.  A  laboratory  method 
is  given  on  page  62,  but  a  good  practical  method  in  the  field  is 
to  saturate  the  material  thoroughly  with  water;  a  satisfactory 
sand  becomes  more  compact  while  an  exceedingly  fine  sand  gets 
"  quaky." 
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DETERMINATION    OF    STONE    DEPTHS    AND 
CONSTRUCTION  OF  SUB-BASE 

Practically  the  only  engineering  problem  that  the  constructing 
engineer  has  to  solve  is  that  of  foundations.  It  is  recognized 
by  most  designers  and  estimators  that  it  is  impossible  from  even 
a  careful  preliminary  examination  of  the  soil  to  specify  exactly  . 
the  amounts  and  depths  of  foundation  stone.  To  meet  this  an 
extra  quantity  of  sub-base  or  bottom  stone  is  allowed  the  con- 
structor, to  be  used  as  he  sees  fit.  During  the  progress  of  the 
rough  and  fine  grading  the  exact  limits  of  the  different  kinds  of 
subgrade  soil  are  determined  and  the  stone  depths  varied  ac- 
cording to  his  judgment.  (See  page  61.)  Men  that  really  under- 
stand this  part  of  the  work  are  hard  to  get,  as  it  is  only  from  ex- 
tended experience  and  intelligent  study  of  their  own  failures 
and  successes  that  a  sound  judgment  is  developed.  A  good  con- 
structing engineer  is  much  more  difficult  to  find  at  present  than 
a  good  technical  designer. 

Where  sub-base  is  used  the  subgrade  is  dug  out  to  the  required 
extra  depth  and  rolled  if  it  is  in  such  shape  that  it  will  not "  work." 
Peat,  mucky  wet  fine  sand,  or  wet  clay  cannot  be  rolled  until  the 
sub-base  is  placed  and  filled.  Where  it  is  possible,  such  soils 
should  be  drained  and  allowed  to  dry  before  placing  the  base, 
but  is  often  not  feasible  to  dry  them  enough  to  allow  rolling, 
even  though  underdrainage  is  put  in,  which  partially  hardens 
them  and  successfully  protects  the  road  after  the  stone  has  been 
placed.  This  is  particularly  true  on  fiats  where  it  is  hard  to  get 
an  outlet  for  a  drain  or  in  the  fine  sands  on  which  an  under  drain 
has  little  effect  on  account  of  the  capillary  action  of  the  material. 
Where  a  soft  subgrade  of  this  kind  is  encountered,  a  stony  gravel 
makes  the  best  sub-base,  as  it  contains  no  voids  between  the  larger 
fragments  and  when  rolled  the  soft  underlying  material  cannot 
squeeze  up  through  the  course.  In  case  boulder  or  quarry  stone 
base  is  used  on  a  soft  grade,  it  is  necessary  to  lay  them  in  close 
contact  by  hand  and  then  fill  the  voids  completely  with  gravel 
or  No.  2  stone  before  rolling;  otherwise  the  subgrade  material 
would  squeeze  up  between  the  stones,  separating  them  and  par- 
tially destroying  the  efiiciency  of  the  base. 

In  the  Spring  and  Fall  of  the  year  it  is  common  to  find  good 
material  so  saturated  from  long-continued  rains  that  it  acts 
badly  under  the  roller  and  instead  of  waiting  for  the  grade  to 
dry  out,  when  the  normal  thickness  of  stone  would  be  sutTicient, 
sub-base  is  often  put  in  cither  to  help  the  contractor  so  that  he 
will  not  be  delayed  or  because  the  engineer  is  misled  as  to  the 
character  of  the  material.  This  results  in  a  waste  of  money. 
On  the  other  hand,  clay,  when  thoroughly  dry,  is  hard  and  firm, 
which  often  influences  a  new  man  to  omit  sub-base  where  it  will 
surely  be  needed. 

The  use  of  sub-base  should  not  depend  loo  tcimc\v  oyv  ^^cv^  ^^nIv^xv 
of  the  grade  under  the  roUcT  unless  the  dc^ie^i  ol  saLV>\\^vv^^  ^ 
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the  material  is  considered,  although  it  serves  as  a  guide  in 
locating  doubtful  spots.  The  final  determination  should  depend 
on  test  pits,  which  develop  the  character  of  the  underlying 
material. 

The  sub-base  is  constructed,  as  explained,  in  the  chapter  on 
Foundations,  cither  of  gravel,  boulder  or  quarry  stone.  The  depth 
is  gauged  by  lines.  The  ratio  of  loose  to  rolled  depth  is  given 
on  page  234. 

Continuous  imspection  is  not  needed  on  sub-base;  the  depth  of 
grading  is  checked  before  the  stone  is  placed  and  the  width,  depth, 
and  workmanship  can  be  readily  determined  after  the  base  is 
completed,  and  by  an  occasional  inspection  during  the  progress 
of  the  work. 

Bottom  Stone.  The  earth  subgrade  must  be  firm  and  compact 
before  the  stone  is  spread.  Bottom  stone  must  NEVER  be 
laid  on  a  soft  grade.  One  of  the  most  common  slips  of  inspection 
is  to  allow  this  to  be  done  and  the  result  is  a  ''  punky  "  bottom 
course  that  is  never  up  to  standard.  The  distributing  power  of 
this  course  depends  largely  on  the  stone  fragments  being  firmly 
interlocked;  if  the  stone  is  placed  on  a  soft  grade  and  rolled,  the 
earth  will  squeeze  up  between  the  fragments  and  separate  them. 

The  depth  of  the  loose  stone  is  gauged  by  the  lines  or  cubical 
wooden  blocks  placed  on  the  subgrade.  Blocks  are  more  con- 
venient than  lines  except  over  sub-base  of  stone  fills,  where  lines 
must  be  used  to  get  a  spread  true  to  shape  and  grade.  The 
ratio  of  loose  to  rolled  depths  is  given  on  page  234. 

The  loose  stone  is  rolled  until  the  stones  are  solidly  inter- 
locked and  there  is  no  movement  under  the  roller.  A  thin  layer 
of  satisfactory  filler  (see  materials  page  104)  is  spread  over  the 
top,  rolled  and  broomed  in;  the  process  is  repeated  until  the 
stone  is  thoroughly  filled.  Continuous  inspection  on  bottom 
course  is  not  necessary.  The  widths  and  depths  can  be  readily 
checked  by  occasional  inspection.  The  two  points  to  be  care- 
fully watched  during  construction  are:  i.  That  the  grade  is 
firm;  2.  that  the  loose  fragments  are  thoroughly  rolled  before 
the  filler  is  applied. 

It  is  desirable  to  complete  the  bottom  course  well  in  advance 
of  the  top,  in  which  case  the  contractor  can  work  to  advantage 
after  rains,  and  the  course  will  be  better  compacted  by  subjecting 
it  to  some  traffic  action. 

Where  local  stone  is  crushed  on  the  job  and  the  stone  used 

ranges  in  size  from  i  in.  to  tailings,  care  must  be  used  in  spreading 

that  the  sizes  are  well  mixed,  as  pockets  of  fine  or  coarse  stone 

are  objectionable.     The  simplest  method  of  mixing  is  to  run  the 

No.  3  and  Xo.  4  and  tailings  into  one  bin  at  the  crusher;    if 

they  are  separated  they  can  be  well  mixed  by  loading  one  end 

of  the  wagons  with  the  Xo.  3  and  the  other  end  with  No.  4  and 

when  dumped  on  the  grade  they  will  run  together.    When  dif- 

£culty  is  experienced  with  these  melVvods  m  obtaining  a  well- 

nj/xed  stone  spread  the  loose  stone  ca^ii  \i^  Vaxio^tS.    >&vKi 

speci6cations  call  for  harrowing  tYiOTO\x^\i\V  ^\j^txt  «l \^\%,t  \WiS^ 
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;  crushed  stone  size  are  allowed  in  one  course.  If  possible, 
tilings  should  be  used  as  sub-base.  When  used  in  the  bottom 
mrse  having  a  rolled  depth  of  4  or  5  inches  they  should  be  placed 
I  the  lower  part  of  the  course,  but  for  a  3-inch  depth  they  should 
e  placed  on  top  and  broken  with  a  knapping  hammer  into  frag- 
lents  of  less  than  3}  inches. 

The  filler  should  not  be  dumped  directly  on  the  stone  unless 
t>solutely  necessary.  Drawing  the  loads  onto  the  unfilled 
;one  loosens  the  course,  and,  also,  at  each  pile  of  filler  there  is 
pt  to  be  left  an  excess  which  is  hard  to  clean  off. 

Table  52  gives  the  approximate  amount  of  filler  required  per 
DO  feet,  and  the  spacing  of  i^-yard  loads.  The  amount  varies 
»r  the  different  materials  used. 

Grading  and  foundations  have  been  treated  at  some  length,  as 
ley  are  the  most  difficult  parts  of  the  construction. 

'able  52.  Giving  the  Approximate  Amount  of  Filler  Pj:- 
QUiSED  PER  100  Feet  of  Road  for  Crushed  Stone  Macadam 
Bottom  Courses  of  Different  Widths  and  Depths,  Using 
0.35  Cubic  Yards  of  Filler  per  Cubic  Yard  of  Rolled 
Bottom 


^S 

Rolled  Depth  of  Bottom  Course 

1 

1 

3* 

4' 

5*                ' 

6* 

1 

10' 

3.2  cu.  yds. 

4.3  CU.  yds. 

1 

5.4  CU.  yds.  ! 

6.6  CU. 

vds. 

12' 

3.8  "      " 

5.1   "      " 

6.5   "      *'     ' 

7.6   '* 

14' 

4.5   ''      " 

6.0  "      •• 

7.5   "      "     • 

9.0   " 

IS' 

4.9   "      " 

6.4  "      " 

8.0   "      "     . 

9.9   *' 

16' 

5.2   "      " 

6.9   "      " 

8.6   "      •* 

10.4   *' 

x8' 

59  "      " 

7.9   "      " 

9-/ 

11.8   " 

20' 

6.4  "      - 

8.6   "      " 

10.8    •*        •*       . 

12.8   " 

22' 

7.0   "      " 

9.4 

II.8   '•      **     i 

14.2   " 

Table  52A.  Giving  the  ;Vpproximate  Spactng  of  1.5  Cubic 
Yard  Loads  of  Filler  for  the  Widths  and  Depths  shown 
m  Table  52 


Width  of 

Rolled  Depth  01 

'  Bottom  Course 

1 

3" 

1            *' 

5' 

6* 

10' 

46  feet 

i      34  feet 

27  feet 

23  feet 

12' 

40    " 

30    ** 

23    " 

1 

20    " 

14' 

33    " 

25    •* 

20    " 

17    " 

15' 

31     " 

23    •' 

19    " 

15    " 

16' 

29    " 

22    " 

17    " 

13    " 

18' 

25     " 

!       19     " 

16    " 

12    " 

20' 
22' 

23    " 

21      " 

i           18       " 

I   ^6  " 

1  w". 

1 

^ 

Y^     -             \ 
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TOP  COURSES 

Waterbound  Top.  Waterboimd  top  is  constructed  in  the  stmc 
way  as  the  bottom  course  except  that  stone  dust  is  used  for  a 
filler  and  the  course  is  puddled  as  has  been  described. 

If  the  stone  used  is  a  local  stone  crushed  on  the  job  the  output 
of  the  crusher  must  be  carefully  controlled,  especially  whdc 
selected  boulders  arc  used,  as  it  is  very  important  that  the  siie 
and  quality  of  such  stone  shall  be  uniform.  (See  page  105.} 
Imported  stone  can  be  inspected  on  the  cars.  Aside  from  this, 
comparatively  little  inspection  is  required  except  at  the  stage 
when  the  loose  stone  has  been  rolled  and  before  the  binder  is 
spread.  At  this  time  the  inspector  should  examine  the  rolled 
course  very  carefully  to  see  that  it  is  true  to  shape  and  has  no 
short  depressions  or  humps.  The  smooth  riding  quality  of  the 
road  depends  on  this  inspection  and  too  much  care  cannot  be 
taken.  This  point  is  particularly  emphasized,  as  many  of  the 
stone  roads  in  New  York  State  have  been  criticized  as  rough  for 
automobile  traflfic.  Any  depressions  are  filled  with  stone  of  the 
same  size  as  the  body  of  the  course  and  rolled,  after  which  the 
course  is  again  inspected  and  corrected  until  it  is  made  true. 
The  binder  is  then  spread,  broomed  in  dry,  and  puddled.  In 
puddling  use  plenty  of  water  and  roll  rapidly.  If  a  pipe  line 
and  hose  are  used  a  pressure  of  100  to  125  pounds  at  the  puinp 
should  be  maintained.  The  road  can  be  conveniently  puddled 
in  stretches  of  100  to  200  feet. 

After  the  road  has  dried  out  and  been  opened  to  traffic,  if 
raveling  occurs  it  can  usually  be  remedied  by  light  sprinkling 
and  rolling. 

Where  the  top  course  is  granite,  gneiss,  or  trap,  it  is  often 
necessary  to  use  a  certain  percentage  of  limestone  dust  with 
the  normiil  screenings.  The  limestone  is  more  effective  when 
spread  last,  filling  the  top  voids  of  the  course. 

Bituminous  Top.  Penetration  Method.  The  same  pio- 
cedure  applies  to  the  quality,  size,  and  laying  of  the  stone  for 
a  bituminous  as  for  waterbound  top,  and  does  not  require  con- 
tinuous inspection. 

Just  before  pouring  the  bitumen  the  course  should  be  care- 
fully examined  and  any  i)ockcts  of  fine  stone,  dirt,  dirty  or 
dusty  stone  removed,  as  fine  stone  or  dirt  prevents  the  pene- 
tration of  the  binder  and  the  bitumen  will  not  adhere  properly 
to  the  stone  unless  it  is  clean  and  dry.  The  course  is  not  rolled 
as  firmly  at  this  stage  as  for  waterbound  tops  because  excessive 
rolling  tightens  the  stone  loo  much  and  prevents  the  penetration 
of  the  bitumen.  There  should,  however,  be  no  creep  in  front 
of  the  roller.  The  bitumen  is  poured  into  the  voids  of  this 
clean,  dry,  partially  comparted  course,  usually  by  means  of  hand- 
sprinkling  pots  or  hods.  Pots  having  vertical  slots  are  prefer- 
able to  the  fan-spout  pots,  as  they  give  better  penetration. 

Hods  are  to  be  preferred  to  pols.    WVxeiv  V\ods  are  used,  hownTf,    j 
the  bitumen   should   be  poured  acioss  \.\ve  ti»A  \&&\5t»&.<^'a^v   \ 
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inal  direction  as  this  prevents  overlap  and  minimiaeg  the 
'  of  preventing  humps  or  waves. 

acing  the  bitumen  the  following  precautions  must  be 
i:  It  must  be  hot  enough  to  run  freely;  for  each  grade 
perature  of  applications  is  usually  specified  and  it  must 
overheated,  for  if  charred  it  is  useless.  In  applying,  by 
ir  method,  care  must  be  taken  not  to  overlap,  as  waves 
ps  will  develop  at  these  points.  These  defects  do  not 
for  some  time  after  the  road  is  opened  to  travel,  and  an 
enced  inspector  fails  to  realize  the  necessity  of  care  in 
ticular.  The  stone  must  be  clean  and  dry,  and,  in  the 
opinion,  the  air  temperature  should  not  be  less  than  50^  F., 
ten  applied  in  cold  weather  is  so  chilled  when  it  strikes  the 
ae  that  an  excessive  amount  is  retained  on  the  surface. 

as  the  bitumen  is  applied  a  thin  layer  of  No.  2  stone  is 
)ver  the  surface  and  rolled  lightly;  continued  roHing  at 
nt  is  injurious,  as  freshly  laid  bituminous  tops  tend  to 
nder  the  roller  and  form  waves.  The  road  can  be  thor- 
rolled  and  shaped  to  advantage  only  after  the  bitumen 
some  time  to  harden.  Good  results  have  been  obtained 
Qg  thoroughly  the  succeeding  day  after  the  binder  is 

unless  in  the  meantime  rain  has  saturated  the  course, 
1  case  it  must  be  allowed  to  dry  before  rolling, 
mount  of  bitumen  spread  per  square  yard  is  Usually  con- 
}y  spreading  a  given  number  of  pots  or  hods  in  a  given 
f  the  road.  These  units  of  length  can  readily  be  marked 
he  inspector  with  a  stick  or  tape.  This  method  will  be 
ory  if  checked  up  twice  a  day  by  the  number  of  barrels 
iVhen  the  binder  is  heated  in  small  kettles  it  will  some- 
itch  fire,  but  this  is  usually  due  to  scale  which  has  col- 
1  the  tank  and  if  cleaned  out  it  generally  remedies  the 

i  bituminous  materials  are  heated  by  steam  it  is  often  con- 
to  know  the  temperature  of  steam  at  different  pressures; 
wing  table  is  inserted  for  this  purpose: 

Table  53 


re 

bs. 

In. 


Temperature 
of  Steam 


213 
228 
267 

293 
312 

328 


Pressure 

Lbs.  per 

Sq.  In. 


100 
120 
140 
160 
180 
200 


Temperature 
•F  of  steam 


328 

341 

353 

363 

373 
382 


Pressure 

Lbs.  per 

Sq.  In. 


200 
220 
240 
260 
280 
300 


Temperatun 
*F  en  steam 


382 
390 

397 
404 

411 

417 


pounds  normal  air  pressure;  to  get  ordinary  «ltaxci  %-^>^^  t«».^\^v^^ 
t.  from  the  values  given  in  this  table. 
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BRICK  ROADS 

To  cover  the  points  of  construction  of  brick  roads  we  cannot 
do  better  than  to  give  **  Instructions  for  Inspectors/'  by  William 
C.  Perkins,  Resident  Engineer,  New  York  State  I>q>artment 
of  Highways.  Mr.  Perkins  is  well  qualified  to  judge  of  this 
class  of  work. 

Grading.  "  Read  your  specifications  carefully  and  follow 
them  in  every  particular. 

**  Do  not  let  the  contractor  dig  beyond  the  back  slopes  of  your 
ditches.  Your  ditches  should  be  straight,  no  sudden  jogs; 
back  slopes  all  true;  no  rubbish  deposited  back  of  the  ditches, 
and  be  sure  that  your  ditches  drain. 

"  Follow  your  cross-sections  as  closely  as  possible.  Try  to 
aid  the  contractor  to  take  care  of  his  dirt  so  that  when  the  road 
is  cleaned  up  there  will  not  be  a  great  amount  of  material  to  be 
moved. 

*'  Never  make  a  shovel  fill  over  6  inches  without  rolling  it. 

**  In  making  a  heavy  fill  with  dump  wagons  begin  to  dump 
at  the  end  toward  your  dirt  supply.  Have  each  pile  of  dump 
dirt  spread  thin  and  draw  the  next  load  over  this,  which  will 
help  to  pack  it.     All  should  then  be  thoroughly  rolled. 

"  Examine  your  subgrade  carefully,  particularly  when  the 
roller  is  going  over  same,  and  if  it  waves  or  shakes  under  the 
roller,  sub-base  or  drain  should  be  put  in,  or  the  material  dug 
out  and  the  proper  material  put  in.  Do  not  make  a  fill  with 
any  old  material  found  along  the  road.  Use  judgment  in  thb 
particular. 

"  Clearing  and  grubbing  does  not  mean  the  grubbing  of  sod. 
It  means  the  cutting  down  of  bushes,  trees,  etc.  Remember 
that  the  life  of  your  pavement  is  the  condition  of  your  subgrade. 
The  same  should  be  inspected  by  the  engineer  in  charge  before 
any  stone  or  concrete  is  placed. 

"  Grade  the  full  width  of  your  macadam  or  concrete.  Never 
deposit  stone  in  the  rut.     Keep  your  sub-base  free  of  ruts. 

**  If  your  roller  is  not  working  on  other  work  roll  your  subgrade. 
You  cannot  roll  it  too  much. 

"  Do  not  shift  center  line  or  grades  until  you  have  reported 
the  necessity  for  it  to  headquarters,  and  if  absolutely  necessary 
give  an  estimate  of  the  increase  or  decrease  in  quantities  that 
such  change  would  make. 

"  Shoulders  should  not  contain  sod  within  i8  inches  of  the 
macadam. 

''Back  slope  all  ditches  i  on  i}.  Be  careful  that  your 
gutters  are  not  too  deep.  Deep  gutters  where  not  necessary  for 
drainage  purposes  make  a  road  dangerous  and  must  be  avoided. 

"  In  trimming  shoulders  and  ditches  a  good  inspector  should 

be  put  on  the  work,  and  instructed  to  see  that  the  contractor 

sets  proper  stakes.     A  slake  should  be  set  out  from  the  edge  of 

the  macadam,  and  also  one  in  the  dVlcVv,  ^tvd  should  be  set  at 

least  every  loo  feet.     The  bottom  ol  VYve  ^VcVi  T!Ck>^\.\^  ^\x\k 
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grade,  no  depression,  and  the  ditch  alignment  must  be  good. 
These  stakes  can  be  easily  set  with  a  16-foot  level  board.  When 
approaching  a  culvert  it  is  not  necessary  to  deepen  the  gutters 
until  you  reach  within  50  feet  of  same,  when  a  straight  grade 
can  then  be  run  to  the  invert. 

'*  In  all  cases  be  sure  your  ditches  will  carry  water,  and,  I  re- 
peat, be  sure  they  are  not  ragged  and  the  back  slopes  are  well 
graded.  In  trimming  shoulders  be  sure  there  is  no  ridge  next 
to  the  macadam. 

"  In  setting  your  stakes  for  the  shoulder  work  use  the  or- 
dinates  and  distances  shown  on  the  standard  section. 

'^  Subgrade.  Be  sure  that  your  subgrade  has  been  properly 
graded  so  as  to  obtain  5  inches  of  concrete.  If  the  contractor 
builds  the  curb  first,  a  templet  should  be  run  over  the  curbing 
and  test  made  to  be  sure  that  you  have  the  correct  depth. 

'*  Concrete  Eldging.  Stakes  for  concrete  edging  can  be  placed 
every  50  feet  for  line  and  grading,  with  the  exception  at  change 
of  grades  and  curves,  where  they  should  be  placed  every  25  feet. 

"  Be  sure  that  your  forms  are  properly  set  as  to  line  and  grade. 

"With  stakes  50  feet  apart  be  careful  that  there  is  no  sag 
in  the  line  when  the  forms  are  set. 

"  If  edging  is  set  first  it  is  better  that  the  concrete  be  hand- 
mixed,  as  a  machine  turns  out  too  large  a  quantity  and  cannot  be 
placed  in  the  proper  time. 

"  See  that  your  forms  are  wet  before  the  concrete  is  placed, 
and  if  steel  forms  are  used  they  should  be  oiled. 

"  Have  a  careful  inspector  on  the  mixing  of  the  concrete  for 
the  edging  and  watch  the  mix. 

"  Keep  track  of  the  number  of  bags  of  cement  used  and  see 
that  the  proper  proportion  of  cement  to  the  lineal  foot  of  edging 
is  obtained. 


"  Edging  6"  X  10}"  will  use  i  bag  in  12.95  feet 
Edging  8"  X  loi"  will  use  i  bag  in  9.73  feet 
Mixture,  1-21-5. 


It 


"  Make  the  mixture  rather  wet  and  spade  the  same  thoroughly, 
using  a  hoe  straightened  and  punched  full  of  holes,  or  some  similar 
instrument,  so  as  to  get  a  good  face  next  to  the  forms. 

**  If  you  find  you  cannot  get  a  good  top  surface  keep  the  edging 
a  couple  of  inches  low,  and  about  every  third  batch  mix  a  batch 
of  fine  material  and  bring  the  edging  up  to  the  proper  height, 
throughly  working  the  same  in. 

"  Do  not  get  a  plaster  effect,  but  get  a  good  top  surface. 

**  Round  both  edges  with  a  rounding  tool,  making  the  inner 
edge  of  a  smaller  radius  than  the  outer  edge. 

"  When  the  forms  are  taken  down  all  spots  which  are  honey- 
combed, or  rough,  should  be  floated  at  once  with  cement.  A 
rough  edging  should  not  be  left  on  any  road. 

"  Have  the  contractor  back  up  the  edg>iv^  «l?.  ?.ootv  ^-s*  ^q^'^^^^^. 
In  warm  weather  the  edging  shouVdbeVepX.^eX.VoT^^N.Nfc^'^'* 


n 
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twenty-four  hours.  Have  the  contractor  use  care  in  deliveria^ 
materials  after  the  edging  is  built  so  that  the  edges  of  same  arc 
not  broken  by  wagons,  etc. 

"  A  good  edging  is  often  ruined  by  carelessness  on  the  part  of 
the  contractor. 

"  Concrete  Base.  Before  laying  base  be  sure  that  the  founda- 
tion is  in  proper  shape  and  of  a  proper  depth. 

'*  Lay  the  concrete  rather  wet  and  drag  same  with  a  heavy 
templet.  Have  men  back  of  the  templet  with  tamping  irons  or 
blocks,  tamping  the  concrete.  This  is  important  if  you  wish  to 
get  a  smooth  surface,  and  you  must  insist  that  the  concrete  be 
well  tamped. 

"  Be  sure  that  you  keep  track  of  your  bags,  and,  also,  that 
the  machine  is  working  properly. 

*'  For  a  i6-ft.  road  11}  bags  will  lay  10  ft.  concrete  base,  mix- 
ture 1-2  J-5. 

"  After  the  day's  run  examine  your  base,  and  if  there  are  any 
spots  which  are  porous,  grout  same  and  check  up  your  bags  at 
the  end  of  each  day. 

"  If  the  weather  is  very  hot  the  base  should  be  kept  wet  for 
twenty-four  hours. 

**  Sand  Cushion.  Sand  for  this  cushion  should  be  absolutely 
free  of  stones,  and  you  must  insist  that  the  contractor  screen 
same,  if  stones  are  in  the  sand  delivered.  No  excuses  will  be 
taken  for  stones  or  pebbles  in  the  cushion.  Spread  sand  for  a 
sufficient  depth,  then  roll  same  with  a  small  roller;  then  drag, 
roll  again,  and  then  drag  with  templet. 

^*  This  should  be  sufficient  to  give  a  firm  cushion. 

"  The  smoothness  of  the  pavement  depends  on  the  proper 
form  of  the  cushion. 

"  Brick.  Great  care  must  be  used  in  obtaining  proper  brick 
surface. 

**  Be  sure  that  your  strips  on  the  side  expansion  joints  are  in 
when  the  contractor  starts  to  lay  brick. 

'*  Allow  no  pinning  in  at  the  ends  under  2}  inches. 

"  Be  sure  that  the  expansion  joint  is  not  ragged.  It  must  be 
uniform  in  width,  otherwise  you  will  have  transverse  cracks. 

'^  .All  bricks  should  be  laid  with  lugs  in  the  same  direction. 
This  is  a  point  that  the  bricklayers  very  often  do  not  do.  The 
bricks  should  be  laid  by  experienced  bricklayers,  not  by 
amateurs. 

**  -After  the  brick  are  laid  the  contractor  will  start  culling. 
Then  you  and  your  inspectors  should  carefully  go  over  them, 
marking  all  soft  ^  bricks  to  be  taken  out  and  rejected;  all  kiln- 
marked  bricks  to  be  turned  over,  and  if  not  satisfactor>'  to  be 
taken    out  and   used   for  pinning  in;    all  overbumed  bricks.' 

/5I0//  brick  are  found  by  sprinkline  the  pavement  lightly:  the  sof t  or  undcr-baraed 

^cJt  will  a  htiorb  the  moi'sture,  rapidly  becoming  dull .  while  the  good  btkk  stffl  f^Satxa 

^^ih  the  w~?ter. 

'  Ch-er-hurned  brick  are  known  by  theiit  ccAot.^Vv\c\v\9.  ta>3&V  ^'^ct  ^tSeaj^  \kie 
«  vcra/fe. 
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which  are  burned  to  a  cinder  to  be  rejected.  All  underburned 
bricks,  which,  in  your  opinion,  will  not  make  a  satisfactory 
pavement,  to  be  rejected.  All  bronzed  bricks  (which  have  the 
appearance  of  overbumed  brick  but  this  on  one  side  only)  to 
be  turned  over,  and  if  satisfactory  allowed  to  remain  in  the  pave- 
ment. 

''  Be  sure  that  you  have  culled  all  of  the  bricks  before  the 
pavement  is  rolled,  for  after  the  pavement  is  rolled  if  much  cull- 
ing is  done  you  are  liable  to  have  a  rough  pavement.  After 
the  pavement  is  rolled  go  over  same  and  mark  all  broken  and 
spalled  bricks,  to  be  taken  out  or  turned  over. 

"  Be  careful  of  all  high  and  low  bricks  in  the  pavement,  for 
same  will  wear  badly  when  the  road  is  finished. 

**  Be  sure  that  your  bricks  are  laid  at  right  angles  to  the  curb 
and  are  not  wavy  as  to  line. 

"  In  no  case  allow  any  *  Dutchman'^  in  your  pavement  except 
on  curves  where  absolutely  necessary. 

**  Groutiiig.  The  grouting  of  the  pavement  is  its  life,  and  the 
greatest  care  must  be  used.  Insist  that  all  grout  be  placed  on  the 
pavement  by  the  use  of  scoops  from  a  box  with  unequal  legs. 

**  The  grout  should  be  mixed  in  small  quantities  and  of  the 
.exact  proportions.  The  sand  should  be  sharp,  not  too  coarse 
nor  too  fine.  Care  should  be  taken  in  using  lake  sand,  as  same 
is  probably  not  sharp  and  too  heavy  for  the  grout.  As  soon 
as  the  grout  reaches  the  pavement  it  should,  at  once,  be  pushed 
into  the  joints  by  means  of  brooms  or  squeegees. 

''  It  is  best  to  use  brooms  on  the  first  grouting  and  a  squeegee 
on  the  second  and  third  groutings. 

"  Be  sure  that  the  joints  are  well  filled  in  the  first  grouting, 
and  do  not  let  the  grout  escape  over  the  edging  and  be  lost. 

"  Follow  closely  with  the  second  grouting,  otherwise  the  two 
groutings  will  not  unite. 

**  Be  careful  that  the  second  grouting  does  not  overlap  the 
first.  After  the  second  grouting  examine  the  pavement  care- 
fully and,  if  necessary,  put  on  a  third  grout  to  get  flush  joints. 

"  The  pavement  should  be  completely  covered  with  grout  and 
all  joints  should  be  well  filled  before  you  pass  on  same. 

"  Allow  enough  time  for  the  grout  to  obtain  initial  set,  and 
cover  pavement  with  a  layer  of  sand  to  protect  same  from  the 
weather^  and  pavement  should  be  kept  wet  for,  at  least,  twenty- 
four  hours. 

"  In  no  case  permit  traffic  on  the  pavement  under  ten  days; 
longer,  if  possible. 

Expansion  Joints.  Be  careful  in  removing  the  expansion 
Joint  boards  that  you  do  not  disturb  the  pinning-in  bricks  and 
break  the  bond.  We  found  it  advisable  to  use  two  wedge-shaped 
boards  to  make  the  expansion  joints  and  loosen  up  the  back  one 
as  soon  as  grouting  was  started. 

>  "  Dutchman."    Brick  chipped  to  wedge  sh&i>e  to  ttX  \tv  Yi^fcwtftxk.  x-j^-eisa^  v»«wa. 
on  curves. 
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**  In  pouring  the  asphalt  filler  be  sure  that  the  joints  are  abso- 
lutely clean  the  full  depth.  This  is  very  important,  or,  other- 
wise, you  will  have  cracks  in  the  pavement.  The  joints  are  to 
be  flushed  with  asphalt." 

CULVERTS 

Culverts  are  usually  constructed  before  the  road  is  graded. 
They  should  be  completed  well  in  advance  of  the  macadam, 
because  even  though  the  back-fill  is  carefully  tamped  there  is 
bound  to  be  some  additional  settlement  under  traffic  action,  and 
if  the  macadam  is  laid  over  a  fresh  back-fill  depressions  are  sure 
to  develop  which,  if  not  repaired,  make  "  thank-you-marms " 
in  the  road. 

Cast-Iron  Pipe.  Trenches  for  pipe  are  dug  the  required  depth, 
making  the  bottom  wide  enough  to  allow  the  joints  to  be  properly 
calked.  This  requires  a  trench  18"  to  24"  wider  than  the  pipe 
diameter,  i.e.,  for  a  12"  pipe  the  trench  is  30"  to  36".  Bell 
holes  are  dug  as  shown  in  Fig.  72,  so  that  the  pipe  will  have  a 
uniform  bearing  its  entire  length.  At  no  point  should  it  rest 
directly  on  boulders  or  ledge  rocks.  If  the  foundation  is  soft 
the  pipe  should  be  laid  on  a  concrete  base.  For  ordinary  soils 
the  only  precaution  the  inspector  need  take  is  to  prevent  back- 
fill under  the  pipe. 


Fig.  72 


Unless  the  foreman  is  alert  the  trench  is  often  excaN^ted  too 
much  in  some  places,  which  are  then  back-filled.  This  is  bad 
practice  except  where  boulders  are  encountered  which  must  be 
removed  and  the  cavities  back-filled  with  good  material. 

Pipe.  The  pipe  is  inspected  for  flaws;  it  is  then  placed  in 
the  trench  with  the  bell  end  upstream.  At  each  joint  the  spigot 
end  is  placed  in  the  bell  and  forced  against  the  shoulder,  making  a 
tight  joint.  The  pipe  is  then  lined  correctly  and  a  gasket  of 
jute  or  oakum  driven  into  the  joint  with  an  iron  calking  tool 
having  a  2"  to  3"  offset,  as  shown  in  Fig.  73.  The  balance  of  the 
joint  is  then  filled  with  a  i  to  i  cement  mortar. 


Fig.  73.  —  Steel  Caulking  Tool 

The  trench  is  then  back-filled,  care  being  taken  not  to  throw 

the  pipe  out  of  line;  the  back-fill  must  be  well  tamped  in  layers 

not  exceeding  6",  using  heavy  paver's  rammers.     A  good  work- 

I'ng  rule  is  to  use  two  of  the  best  men  otv  ihe  job  tamping  and  the 

Liziest  man  on  the  force  throwing  duV  lo  vYvtm. 
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Head-walls  for  Culverts.  The  face  of  the  head-wall  should 
extend  beyond  the  end  of  the  pipe,  as  it  is  difficult  to  get  a  good- 
looking  connection  if  it  is  flush  with  the  end. 


ttt*/t^fy/j^y^/ff^f^y/tij 


rr'y'/'^yyyx^/y>'yy'^/'/'x/>'A^<v>v>v, 


Fig.  74 

Figure  74  shows  a  convenient  plug  form  for  this  extension. 
This  plug  is  set  into  the  end  of  the  pipe  and  can  be  readily  re- 
moved; the  resulting  head- wall  being  pleasing  in  appearance. 
The  head-wall  form  can,  also,  be  readily  skewed  (set  at  an  angle 
with  the  pipe)  if  required. 

CONCRETE  CULVERTS 

Excavation.  The  trench  is  dug  to  the  required  depth;  if  the 
material  will  stand  vertically  no  back  forms  are  necessary,  and 
the  width  of  the  trench  is  made  the  width  of  the  out  to  out  di- 
mensions of  the  culverts.  If  back  forms  are  needed  the  trench 
is  usually  made  2  feet  wider.  If  running  water  is  encountered 
which  cannot  be  temporarily  dammed,  or  diverted,  the  trench  is 
made  wide  enough  to  flume  the  stream  through  on  one  side  of  the 
back  forms  for  small  culverts,  or  between  the  abutments  for 
larger  span  structures. 

Back-fill.  The  back-fill  is  made  as  for  cast-iron  pipe  except 
that  it  should  not  be  deposited  on  the  fresh  top  of  a  culvert 
within  twenty-four  hours  of  laying  the  concrete. 

Forms.  Forms  should  be  true  to  shape  and  constructed  of 
planed  tongue  and  groove  lumber,  for  the  exposed  surfaces. 
They  should  be  water-tight,  as  otherwise  the  fine  material  will 
run  out  of  the  face  of  the  concrete  and  leave  a  rough  "  pop-corn  " 
s^urface.  They  must  be  well  braced  to  prevent  bulging.  Tri- 
angular or  feather-edged  grooved  moldings  are  placed  in  the 
angles  of  the  forms  to  shape  them  satisfactorily. 

Removal  of  Forms.  The  length  of  time  that  the  forms  should 
remain  in  place  is  a  matter  of  judgment;  it  depends  upon  the 
cement  and  weather  conditions. 

The  author's  practice  is  as  follows: 

Head-walls  or  parapet  forms  are  removed  within  thirty-six 
hours  in  dry  weather  or  within  forty-eight  hours  in  damp,  cold 
weather,  in  order  to  rub  down  the  surfaces. 

Low  side-wall  forms  for  spans  of  2'  to  3',  where  the  deck  is 
constructed  later,  may  be  removed  in  36  to  48  hours. 

Trunk  forms  for  small  culverts  2'  to  j'  ^i^^n  laa.^  \i^  ^^\sssaN^^ 
in  from  3  to  7  days. 
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Trunk  fonns  for  medium  culverts  up  to  10'  span  7  to  14  days. 

Deck  forms  for  spans  above  10'  may  be  removed  in  from  14 
to  28  days. 

Any  unusual  load,  such  as  a  roller,  should  not  be  allowed  over 
a  new  culvert  of  even  a  small  span  in  less  than  seven  days,  unless 
precautions  are  taken  to  distribute  the  pressure  by  planking  the 
back-fill,  or  otherwise,  and  on  the  larger  structures  a  time  limit 
of  three  to  four  weeks  is  advisable. 

Amount  of  Cement,  Sand,  and  Stone  required. 

Table  49,  page  248  gives  these  amounts  for  one  yard  of  concrete. 

The  following  table  gives  the  amount  of  stone,  sand,  and  cement 
required  for  culverts  similar  to  Plate  6,  assuming  that  no  embedded 
boulders  are  used  in  the  sides  and  bottom.  If  boulders  are  used  see 
footnote,  Table  49. 

MIXING  AND  PLACING  CONCRETE 

The  strength  of  the  concrete  depends  largely  upon  the 
thoroughness  of  the  mixing. 

The  author's  practice  has  been  as  follows: 
Hand-mixing.     Cement  and  Sand. 

3  turns  dry.  . .  .3d  class  concrete         (foundations  and  side  walls) 

4  "       "   2d     "  **  (decks  and  parapets) 

Add  water  and  mix  mortar. 

Drench  stone  and  turn  stone  and  mortar 

3  tiroes  for  3d  class  concrete 

4  *•       **    2d     " 

Deposit  in  forms  by  dropping.  Do  not  cast,  as  this  separates 
the  coarse  and  tine  material.  Use  enough  water  to  give  a  mixture 
that  quakes  like  liver  under  the  rammer. 

Deposit  in  layers  not  over  6"  deep  and  ram  each  layer  thor- 
oughly; spade  the  concrete  thoroughly,  and  work  an  excess  of 
the  fine  stuff  to  the  face  of  the  forms  by  prying  the  larger  frag- 
ments back  from  the  form  with  a  narrow  spade  or  broad-tined 
fork. 

Machine-mixing.      Culverts  generally  contain  such  a  small 
quantity  of  concrete  that  machine-mixing  is  rarely  used.     In  case 
a  batch-mixer  is  employed,  the  inspection  is  simplified  to  checking 
the  quantities  of  cement,  sand,  and  stone  in  each  charge.     If  a 
continuous  mixer  is  used  it  is  well  to  keep  watch  of  the  cement 
hopper,  as  the  cement  is  liable  to  run  low,  feeding  only  a  portion 
of  the  worm,  or  a  large  lump  of  cement  may  ride  on  top  of  the 
worm  and  hinder  the  feed;  or  the  worm  may  become  coated  with 
damp  cement  which  reduces  the  capacity.     If  the  inspector 
watches  the  cement  hopper  the  contractor  will  tend  to  the  sand 
and  stone  hoppers. 
Finisbing  Concrete.     If  a  smooth,  marble-like  surface  is  de> 
sired  it  can  be  obtained  by  rubbing  do^n  the  surface  before  it 
Aas  fully  set  with  a  cement  sand  bncV  moK'sXwksA'^WJcL^^VM.  If 
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Concrete  Culverts 


I. 

S'  high  X  2.0'  wide 

h 

Concrete 
Cubk  Yards 

Paving 
Square 
Yards 

Ex.  Met. 

Square 

Cement 
Barreb 

Sand 
Cubic 
Yards 

Crushed 
Stone 
Cubic 

» 

Second 

Third 

Yards 

i     2.2 

5.6- 

6.4 

80 

8.4 

3.6 

7-2 

2.2 

5-8 

6.4 

84 

8.6 

3.7 

74 

2-3 

6.1 

6.4 

88 

9.0 

3.9 

7.8 

2.4 

6.3 

6.4 

92 

9-3 

4.1 

8.1 

2.5 

6.5 

6.4 

96 

9-7 

4.2 

8.3 

2.5 

6.7 

6.4 

100 

9.9 

4.3 

8.S 

2.6 

6.9 

6.4 

104 

10.2 

4^ 

8.8 

2.7 

7.2 

6.4 

108 

10.6 

4.6 

9.2 

2.8 

7-4 

6.4 

112 

10.9 

4.8 

9.5 

2.8 

7.6 

6.4 

116 

II. I 

4-9 

9.6 

!      2.9 

7.8 

6.4 

120 

"5 

5.0 

9.9 

3.0 

8.1 

6.4 

124 

1 1.9 

5-2 

10.3 

31 

8.3 

6.4 

128 

12.2 

5-3 

10.6 

3.1 

8.5 

6.4 

132 

12.4 

5-4 

10.8 

3-2 

8.7 

6.4 

136 

12.7 

5.6 

II.O 

3-3 

8.9 

6.4 

140 

131 

5.7 

"•3 

3.4 

9.2 

6.4 

144 

13.S 

5-9 

11.7 

3-4 

9.4 

6.4 

148 

137 

6.0 

1 1.9 

3.5 

9.6 

6.4 

152 

14.0 

6.1 

12.1 

3.6 

9.8 

6.4 

156 

14.S 

6.3 

12.4 

3.6 

10. 1 

6.4 

160 

14.8 

6.4 

12.7 

3.7 

IO-3 

6.4 

164 

151 

6.5 

130 

3.8 

10.5 

6.4 

168 

15.4 

6.7 

133 

3.9 

10.7 

6.4 

172 

15.7 

6.8 

13-5 

3-9 

10.9 

6.4 

176 

159 

6.9 

13.7 

4.0 

II. 2 

6.4 

180 

16.4 

7.1 

14. 1 

4.1 

11.4 

6.4 

184 

16.7 

7.2 

14.4 

4.2 

11.6 

6.4 

188 

17.0 

7-4 

14.7 

4.2 

11.8 

6.4 

192 

17.2 

75 

14.8 

4.3 

12. 1 

6.4 

196 

17.6 

7.7 

15.2 

4.4 

12.3 

6.4 

200 

18.0 

7.8 

15.5 
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CoNCKETE  Culverts.  —  CatUinued 


) 

2'  high 

X  2'  wide 

',  Length 
Feet 

Concrete 
Cubic  Yards 

Expanded 

Metal 

Square 

Feet 

Paving 
Square 
Yard! 

Portland 

Cenotent 

Bands 

Sand 

Cubic 

Yanb 

Gkushed 

StOK   ! 

^«    a  * 

Second 

Third 

Oihc 
Yanb 

1 

1 

20 

2.4 

7.1 

80 

9.8 

10:1 

4^ 

8.8 

21 

2.4 

7.3 

84 

9.8 

10.4 

4.5 

9-0. 

22 

2.5 

7.6 

88 

9.8 

10.8 

4.7 

941 

23 

2.6 

7.9 

92 

9.8 

II. 2 

4.9 

9.7 

1      24 

2.7 

8.1 

96 

9.8 

• 

"5 

5.0 

IOjO 

25 

2.7 

8.4 

100 

9.8 

11.8 

S-2 

lOJ 

26 

2.8 

8.6 

104 

9.8 

12.2 

53 

loi : 

27 

2.9 

8.9 

108 

9.8 

12.6 

55 

lOQ 

28 

3.0 

9.2 

112 

9.8 

130 

5-7 

lU 

29 

30 

9.4 

116 

9.8 

13.2 

5.8 

"5 

30 

3.1 

9.7 

120 

9.8 

13.6 

6.0 

11.9 

,     31 

3.2 

9.9 

124 

9.8 

14.0 

6.1 

IM 

32 

33 

10.2 

128 

9.8 

14.4 

6.3 

"•5 

'     33 

3-3 

10.5 

132 

9.8 

14-7 

6^ 

12.8 

.     34 

3-4 

10.7 

136 

9.8 

15.0 

6.6 

13-0 

1 
35 

3-5 

II.O 

140 

9.8 

iS-4 

6.8 

134 

'     36 

3.6 

II. 2 

144 

9.8 

15.8 

6.9 

13-7, 

37 

3-6 

ii-S 

148 

9.8 

16.1 

71 

14X) 

38 

3-7 

11.8 

152 

9.8 

16.S 

7.2 

144 

I     -^^ 

3.8 

12.0 

156 

9.8 

16.8 

7-4 

14-71 

1 

1 
40 

3-9 

12.3 

160 

9.8 

17.3 

7.6 

150 

41 

3-9 

12.5 

164 

9.8 

17.5 

7.7 

15-2 

42 

4.0 

12.8 

168 

9.8 

17.9 

7-9 

15.6 

i     43 

4.1 

131 

172 

9.8 

18.3 

8.0 

16.0 

44 

4.2 

133 

1     176 

9.8 

18.6 

8.2 

16.2 

45 

'     4.2 

13.6 

180 

9.8 

18.9 

8.3 

16.5  ■ 

46 

1     4.3 

139 

'     184 

9.8 

19.4 

8.5 

16.QI 

1 

:         47 

i     4.4 

14.1 

.     188 

9.8 

19.7 

8.6 

I7.J" 

48 

'     4.4 

14.4 

I     192 

9.8 

20.0 

8.8 

174 

49 

4.5 

14.6 

!    196 

9.8 

20.4 

8.9 

17-7 

50 

4.6 

14.9 

200 

9.8 

20.8 

9.1 

18.1 

J 

1 
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Concrete  Culverts.  —  Continued 


2*  high 

X  3'  wide 

Concrete 
Cubic  Yards 

Expended 

MeUl 

Square 

Feet 

Stfel 
Pbunds 

78 

Portland 

Cement 

Barrels 

Sand 
Cubic 
Yards 

Crushed 
Stone 

Cubic 
Yards 

Et 

Second 

Third 

2.3 

7.6 

• 

100 

10.5 

4.6 

9.2 

2^ 

7.9 

105 

81 

Il.O 

4.8 

9.6 

2.5 

8.2 

no 

85 

1 1.4 

5.0 

9.9 

2.6 

8.5 

"5 

88 

11.8 

5.2 

IO-3 

2.6 

8.8 

120 

91 

12. 1 

5.3 

10.6 

2.7 

9.1 

"5 

95 

12.S 

5-5 

10.9 

2.8 

9.4 

130 

98 

13.0 

5.7 

"3 

^9 

9-7 

135 

lOI 

13-4 

5.9 

II. 7 

3.0 

9-9 

140 

105 

13.7 

6.0 

12.0 

31 

10.2 

145 

108 

14.1 

6.2 

12.3 

3.2 

10.5 

150 

112 

14.6 

6.4 

12.7 

3-3 

10.8 

155 

"5 

15.0 

6.6 

I3-I 

3.4 

II. I 

160 

118 

15.4 

6.8 

13-4 

3-5 

11.4 

165 

122 

15.9 

7.0 

13.8 

3.6 

11.7 

170 

125 

16.3 

7.2 

14.2 

3-7 

12.0 

175 

128 

16.7 

7.3 

14.6 

3.8 

12.2 

180 

132 

17.0 

7.5 

14.8 

3-9 

"5 

185 

135 

17.5 

7.7 

15.2 

3-9 

12.8 

190 

139 

17.8 

7.8 

15.5 

4.0 

131 

195 

142 

18.2 

8.0 

159 

4.1 

13-4 

200 

145 

18.6 

8.2 

16.2 

4.2 

13-7 

20s 

149 

19.0 

8.4 

16.6 

4.3 

14.0 

210 

152 

19.5 

8.6 

17.0 

4.4 

14.3 

215 

156 

19.9 

8.7 

173 

4.5 

14.5 

220 

159 

20.2 

8.9 

17.6 

4.6 

14.8 

225 

162 

20.7 

9.1 

18.0 

4.7 

151 

230 

166 

21. 1 

9.2 

18.4 

7 

4.8 

154 

23s 

169 

21.5 

9-4 

18.7 

B 

4.9 

15.7 

240 

172 

21.9 

9.6 

19. 1  ' 

9 

5.0 

16.0 

245 

176 

22.4 

9.8 

19.S 

0 

S-i 

16.3 

250 

179 

22.8 

lO.O 

\ 

iq.8 

\ 

\ 
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Concrete  Cui-vebts.  —  CmUituied 


2-  high 

X  4' wide 

■ffl- 

CDOCRte 
Cubic  Virdi 

'■flssr' 

Poimd) 

PotlUM] 

Cubic 

CixAal 

Second       TOnI 

?Er 

B^^ 

Yud. 

H 

lO 

1.7 

8.4 

110 

78 

11.8 

S-3 

10.3 

3.8 

8-7 

136 

Si 

12.3 

S-3 

10.71 

2.g 

8s 

12.7 

5-6 

'      '3 

3.1 

9-3 

138 

ss 

13-' 

S-8 

ii.i| 

!4 

3-J 

9-7 

144 

9" 

'3-8 

6.0 

"■", 

35 

3-3 

10.0 

150 

95 

14.J 

6.3 

11.) 

1     ;6 

3-4 

10.3 

■S6 

C»8 

14-6 

6^ 

11.7 

3-S 

10.6 

162 

iS-o 

6.6 

13.1 

,.  '^ 

3-6 

■63 

105 

>s-s 

6:8 

'34  1 

'  '<} 

3-J 

II. J 

•74 

108 

iS-9 

6.9 

'ii 

i° 

3-8 

11-5 

iSo 

III 

;?:! 

71 

i^.l 

i     ^' 

3-9 

11.9 

1S6 

i'5 

7.4 

1*-*, 

1     3' 

192 

iiS 

>7-3 

7.6 

1J.0 

1     i3 

4. J 

ii-S 

.98 

.7.8 

7.8 

'Si 

1     34 

4-3 

W.8 

i04 

"5 

18.3 

8.0 

ISA 

1 

1     35 

4-4 

I3.> 

110 

138 

18.7 

8.2 

i6.J| 

1     3* 

4.5 

'3-4 

116 

13J 

19.1 

8^ 

16.6 

'     37 

4.6 

13.8 

'35 

.g.6 

8.6 

1     38 

4.7 

14.1 

218 

139 

8.7 

i!4! 

i     '' 

4.8 

14.4 

--34 

142 

20.S 

9.0 

iji 

4-9 

■4-7 

240 

145 

30.9 

g.i 

ig.)! 

41 

50 

15.0 

J4G 

149 

JI.4 

9.4 

iU\ 

1     41 

S-J 

'5-3 

'S' 

'5^ 

21.9 

9.6 

19.11 

1     ■•■' 

S-3 

.5.6 

258 

'56 

22.3 

9-8 

'94 

44 

5-4 

16-0 

364 

'59 

S2.g 

19.9. 

1   -fs 

S-5 

'6-3 

270 

16] 

33.3 

10.2 

10.1 

1     4& 

5.6 

16.6 

i;6 

■66 

237 

10.4 

lOjl 

4? 

5-7 

16-9 

282 

169 

34.1 

10.6 

lu 

'     48 

5-8 

288 

34-6 

10.8 

IIJ 

49 

5.9 

17-S 

194 

176 

=S-o 

10.9 

I1-; 

i" 

6.0 

17.8 

300 

'79 

»S-4 

III 

»..: 
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CoNCBKTE  Culverts.  —  Contimud 


3' high 

X  3' wide 

cSra.. 

^^ss?^ 

Sl«l 
FouiKb 

FoRluid 

S3 

Is 

.1.8    1 

ScCODd 

Third 

^sr 

'i 

10-4 

100 

m 

"J-4 

S-9 

1-4 

1-S 

10.S 

105 

11 

13-9 
14-4 

6.2 
6^ 

"■3 

12.7 

1.6 

"-S 

IIS 

9* 

'4-9 

6.6 

131 

1.6 

11.9 

95 

iS-3 

6.8 

'3-S 

^■7 

1 1.1 

1*5 

99 

'5-7 

7.0 

13-8 

1.S 

IZ.6 

130 

i6.» 

7-1 

"4-3 

1.9 

ij-o 

13s 

'OS 

16.8 

7-4 

14.8 

30 

13-3 

140 

109 

17.1 

7.6 

"5-' 

31 

'3-7 

US 

17-7 

7-9 

.S.6 

3» 

14-0 

ISO 

116 

,8., 

8.1 

16.0 

3-3 

"4-4 

'55 

119 

■8.7 

8.3 

.6.4 

3-4 

14.8 

160 

8.S 

16.9   1 

3-5 

IS-I 

I6S 

tl6 

8.7 

"7-3    1 

3.6 

'S-S 

170 

119 

10.1 

8.9 

.7-6^ 

37 

IS.8 

'7S 

'33 

20.6 

9.1 

18."   : 

3-8 

16.1 

180 

'36 

9-4 

1S.6  1 

3.9 

.6.6 

'85 

'39 

>i.6 

g.6 

"9.0 

3.9 

16.9 

190 

'43 

9-7 

19-3 

4-0 

17-3 

'95 

146 

17.S 

.9.8 

4-t 

17.6 

MO 

150 

21.9 

10. » 

20.1 

4-3 

i8.o 

MS 

'S3 

23-4 

20.6 

4-3 

18.4 

'56 

10.6 

4-4 

18.7 

iiS 

160 

24.4 

10.8 

4-5 

19.1 

163 

J4.9 

11.0 

SI.9 

4.6 

19.4 

lis 

167 

25-4 

ti.i 

22.3 

*■! 

19.8 

130 

170 

■2S-9 

11-4 

21.7 

4.8 

135 

173 

)6.4 

23.2 

4-9 

»o.S 

'77 

16.8 

XI.9 

23.6 

5-0 

»o.9 

*4S 

180 

17.4 

24.0 

S-i 

"■' 

ISO 

184 

17-8 

12.3 

!" 
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Concrete  Culverts.  —  CatUinued 


3' high 

X  4' wide 

Length 

Concrete 
Cubic  Yards 

Square 
/eet 

Sted 
Pounds 

POitland 

Cement 

Bands 

Sand 
Cubic 
Yards 

Crashed 
StoK 

Feet 
20 

Second 

Third 

Cabk  1 
Yanb  . 

2.7 

"3 

120 

82 

14.8 

6.5 

1 

13-0 

21 

2.8 

11.7 

126 

85 

153 

6.8 

13-5 

22 

2.9 

12. 1 

132 

88 

15.8 

7.0 

13-9 

23 

31 

12.S 

138 

92 

16.5 

7.3 

14.5 

24 

3-2 

12.9 

144 

95 

17.0 

7.5 

m 

25 

3-3 

132 

150 

99 

17^ 

7.7 

m 

26 

3-4 

136 

156 

102 

18.0 

7.9 

15^ 

27 

3-5 

14.0 

162 

105 

18.5 

8.2 

16.3 

28 

3-6 

14.4 

168 

109 

19.0 

8.4 

16.7 

29 

3.7 

14.8 

174 

112 

19.6 

8.7 

17.2 1 

30 

3.8 

IS-2 

180 

116 

20.1 

8.9 

17.6 

31 

3-9 

15.6 

186 

119 

20.6 

9.1 

18.1 

32 

4.0 

16.0 

192 

122 

21. 1 

9-4 

1&6 

33 

4.2 

16.4 

198 

126 

21.8 

9.6 

19.1 

34 

4-3 

16.8 

204 

129 

22.3 

9.8 

19.6 

35 

4.4 

17.1 

210 

133 

22.8 

lO.I 

20J0 ' 

36 

45 

17-5 

216 

136 

23.3 

10.3 

204 

37 

4.6 

17.9 

222 

M9 

23.8 

10.5 

209 

i     38 

1     4.7 

18.3 

228 

U3 

24.3 

10.8 

J1.3 

39 

4.8 

18.7 

234 

1 

146 

24.9 

II.O 

2li 

40 

4.9 

19.1 

1 

240 

150 

25^ 

II. 2 

22.3 

41 

s-o    ;    19.5 

1      246 

153 

259 

11.4 

22.7 

42 

S-i 

19.9 

1      252 

156 

26.5 

II.7 

23-2 

43 

'    5.3 

20.3 

258 

160 

27.1 

12.0 

237 

44 

5-4 

20.7 

264 

1 

163 

27.7 

t       12.2 

24.i 

45 

5-5 

21.0 

! 

i       270 

167 

28.1 

12.4 

24^ 

46 

5.6 

21.4 

•     276 

170 

28.6 

12.6 

25-0 

47 

i     5.7          21.8 

1       282 

I 

173 

29.1 

12.9 

2S'S 

48 

5.8         22.2 

288 

177 

29.7 

I3.I 

ibfi 

49 

1     5-9 

j     22.6 

294 

180 

30.2 

133 

264, 

50 

6.0 

23.0 

1 

300 

184 

30.7 

13.6 

26^  ■ 

CONCRETE   CULVERTS 
C(»fcS£TE  Culverts.  —  Continued 


4'  high  X  4'  wide 


th 

Coocxete 
Cubic  Yards 

Expanded 

Metal 

Square 

Feet 

Sted 
Pounds 

Portland 
Cement 
Barrels 

Sand 
Cubic 
Yaids 

Cnishei 
Stone 

t 

Cubic 

Second 

Third 

Yards 

► 

2.7 

14.5 

120 

87 

18.I 

8.1 

15-9 

2.8 

15.0 

126 

90 

18.7 

8.3 

16.5 

1 

2.9 

15.4 

132 

94 

19.2 

8.6 

17.0 

) 

31 

159 

138 

97 

20.0 

8.9 

17.6 

• 

3-2 

16.4 

144 

100 

20.6 

9.2 

18.2 

1 

3-3 

16.8 

150 

104 

21. 1 

9-4 

18.7 

• 

3-4 

17.3 

156 

107 

21.8 

9-7 

19.2 

r 

35 

17.7 

162 

III 

22.3 

9.9 

19.7 

» 

3.6 

18.2 

168 

114 

22.9 

10.2 

20.2 

3.7 

18.7 

174 

117 

235 

IO-5 

20.8 

3-8 

19. 1 

180 

121 

24.1 

10.7 

21.2 

3-9 

19.6 

186 

124 

24.7 

II.O 

21.8 

4.0 

20.1 

192 

128 

25.3 

"3 

22.4 

4.2 

20.5 

198 

131 

26.0 

1 1.6 

22.9 

4.3 

21.0 

204 

134 

26.6 

1 1.9 

235 

4-4 

21.4 

210 

138 

27.1 

12. 1 

24.0 

1    4.S 

21.9 

216 

141 

27.8 

12.4 

24.5 

4.6 

22.4 

222 

145 

28.4 

12.6 

251 

4.7 

22.8 

228 

148 

28.9 

12.9 

25-5 

4.8 

23.3 

234 

* 

151 

29.6 

13.1 

26.1 

4.9 

23.8 

240 

15s 

30.2 

13.4 

26.6 

50 

24.2 

246 

158 

30.7 

13-7 

27.1 

5.1 

24.7 

252 

162 

31.4 

14.0 

27.7 

53 

25.2 

258 

i6s 

32.1 

14.3 

28.3 

S-4 

25.6 

264 

168 

32.6 

14.5 

28.8 

>.s 

26.1 

270 

172 

33-3 

14.8 

29.3 

.6 

26.5 

276 

175 

33.8 

15.0 

29.8 

.7 

27.0 

282 

179 

34-4 

15-3 

303 

8 

27.5 

288 

182 

35-1 

15.6 

309 

9 

27.9 

294 

i8s 

35.6 

15.8 

31-4 

) 

28.4 

300 

189 

1     36.2 

16.1 

31.9 

I 

\ 

\ 
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NOTES   ON   CONSTRUCTION 


Concrete  Culverts.  —  Coniinued 


3'Wgh 

X  5' wide 

Length 
Feet 

Concrete 
Cubic  Yards 

Expanded 

Metal 

Square 

Feet 

Sted 
Pooi^ 

Portland 

Cement 

Barrels 

Sand 
Cubic 
Yards 

Crakd 
Sum 

^«     a   «          1 

Second 

Third 

Oilic 

:    Vaidi 

20 

4.0 

12.4 

140 

83 

17.5 

7.7 

r 
15.2 

21 

4.2 

12.8 

147 

86 

18.1 

7-9 

15.7 

22 

4.4 

133 

154 

90 

18.9 

8.3 

164 

23 

4.6 

137 

161 

93 

19.5 

8.6 

17J> 

24 

4.7 

14. 1 

168 

96 

20.1 

8.8 

17-4 

25 

4.9 

14.5 

175 

100 

20.7 

9.1 

I&O 

26 

51 

14.9 

182 

103 

21.4 

9.3 

18.5 

27 

5-3 

15-4 

189 

106 

22.1 

9.6 

19.2 

28 

5-4 

15.8 

196 

no 

22.6 

9.9 

19-7 

29 

5.6 

16.2 

203 

"3 

233 

10.2 

20.2 

30 

5-8 

16.6 

210 

117 

23.9 

10.5 

20i 

31 

5.9 

17.0 

217 

120 

24.5 

10.7 

21.2 

32 

6.1 

17.4 

224 

123 

25.1 

II.O 

2li 

33 

6.3 

17.9 

231 

127 

259 

1 1.3 

224 

34 

6.5 

18.3 

238 

130 

26.5 

1 1.6 

2iJi 

35 

6.6 

18.7 

245 

134 

27.1 

11.8 

23-5 
24^    f 

36 

6.8 

19.1 

252 

137 

27.7 

12.1 

37 

7.0 

195 

259 

140 

28.4 

12.4 

24-6 

38 

7.2 

19.9 

266 

144 

29.0 

12.7 

25-» 

39 

7-3 

20.4 

273 

147 

29.6 

12.9 

25-7 

40 

7.5 

20.8 

280 

150 

30.3 

132 

26.3 

41 

7.7 

21.2 

287 

154 

30.9 

13.S 

36i 

42 

7.8 

21.6 

294 

157 

31.5 

13.7 

27-3 

43 

8.0 

22.0 

301 

161 

32.1 

14.0 

27^ 

44 

8.2 

22.4 

308 

164 

32.8 

14.3 

2S4 

45 

8.4 

22.9 

315 

167 

33-4 

14.6 

2^ 

46 

l'^ 

23.3 

322 

171 

34.1 

14.8 

29^5 

47 

8.7 

237 

329 

174 

34.7 

iS-i 

^1 

48 

8.9 

24.1 

336 

177 

35-3 

153 

y^n 

49 

9.1 

24.5 

343 

181 

36.0 

15-6 

3U| 

50 

/             ' 

9.2 

24.9 

350 

184 

36.S 

15-9 

jj 
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Concrete  Culverts.  —  Continued 


4'  high  X  5'  wide 


4.0 
4.2 

4.4 
4.6 

4.7 

4.9 

5-1 
5.3 
5-4 
5.6 

5.8 

5-9 
6.1 

6.3 

6.5 

6.6 
6.8 
7.0 
7.2 
7.3 

7.5 
7.7 
7.8 
8.0 
8.2 

8.4 

8.S 
8.7 
8.9 

Q.X 
9.2 


Expanded 

Metal 

Square 

Feet 


15.8 

140 

16.3 

147 

16.8 

154 

17.2 

161 

17.7 

168 

-  18.2 

175 

18.7 

182 

19.2 

189 

19.7 

196 

20.2 

203 

20.7 

210 

21.2 

217 

21.7 

224 

22.1 

231 

22.6 

238 

23.1 

24s. 

23.6 

252 

24.1 

259 

24.6 

266 

25.1 

273 

25.6 

280 

26.1 

287 

26.6 

294 

27.0 

301 

27.5 

308 

28.0 

315 

28.5 

322 

29.0 

329 

29.5 

336 

30.0 

343 

30.5 

350 

Sted 
Pounds 


88 
92 
95 

99 
102 

105 
109 

112 

116 

119 

122 
126 
129 

133 
136 

139 

143 
146 

150 
153 

156 
160 
163 
167 
170 

173 
177 

180 

184 

187 

190 


Portland 

Cement 

fiarrels 


21.0 
21.7 
22.5 
23.1 
23.7 

24.5 
25.2 

26.0 

26.6 

27.4 

28.1 
28.8 

295 
30.2 

30.9 

31.5 
32.3 
33.0 
33-8 

34.4 

35-2 

35-9 
36.6 

37-2 
38.0 

38.7 

39-3 
40.1 

40.9 

41.6 

42.2 


Sand 
Cubic 
Yards 


9.2 

9.6 

9.9 

10.2 

10.5 

10.8 
II. I 

"5 
11.7 

12. 1 

12.4 
12.7 

13.0 
13.3 
13.6 

13.9 
14.2 

14.5 
14.9 

15.1 


17.0 

17.3 
17.6 

18.0 

18.3 

18.6 


Crushed 
Stone 
Cubic 
Yards 


18.4 
19.0 
19.7 
20.2 
20.8 

21.4 

22.1 
22.7 

23.3 
23.9 

24.6 

25.1 
25.8 

26.3 

27.0 

27.6 
28.2 
28.8 

29.5 
30.1 


15.5 

30.7 

15.8 

3^-S 

16. 1 

31.9 

16.4 

32.5 

16.7 

33-^ 

33-8 

34.3 
35.0 
35-6 
36.3 

36.8 
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Concrete  Culverts.  —  Continued 


■ 

5' high 

X  5'  wide 

• 

1 

Length 
Feet 

Con 
Cubic 

Second 

Crete 
Yards 

Third 

Expanded 

Metal 

Square 

Feet 

Sted 
Pounds 

Portland 

Cement 

Barrds 

Sand 
Cnhir 
Yards 

Cmhtd 
SMC 
Cofak 
Yanb 

20 

4.0 

19.5 

140 

93 

24.7 

1 

II.O 

2Xi 

21 

4.2 

20.0 

147 

96 

25.5 

II.3 

22.5 

22 

4.4 

20.6 

154 

100 

26.3 

[     II. 7 

23.2 

23 

4.6 

21.2 

161 

103 

27.2 

12.1 

24.* 

24 

4.7 

21.7 

168 

106 

27.8 

12.4 

24^ 

25 

4-9 

22.3 

175 

no 

28.7 

12.7 

254 

26 

5.1 

22.9 

182 

"3 

29.5 

13.1 

26.2 

27 

5-3 

23-4 

189 

117 

303 

13.4 

26i 

28 

5-4 

24.0 

196 

120 

310 

13.8 

27.6  : 

29 

5.6 

24.6 

203 

123 

31.9 

14.1 

2S.2  i 

30 

5-8 

251 

210 

127 

32.6 

14.5 

2Q.0 

31 

5-9 

257 

217 

130 

33-4 

14.8 

29^ 

32 

6.1 

26.2 

224 

134 

34.1 

151 

30-2 

33 

6.3 

26.8 

231 

137 

35.0     . 

15-5 

3J-0 

34 

6.5 

27-4 

238 

140 

35-8 

159 

31-8 

35 

6.6 

27.9 

245 

144 

36.4 

16.2 

P^\ 

36 

6.8 

28.5 

252 

147 

37.3 

16.5 

11'^ 

37 

7.0 

29.1 

259 

150 

38.2 

16.9 

33.8 

3« 

7.2 

29.6 

266 

154 

38.9 

17.2 

344 

39 

7-3 

30.2 

273 

157 

39-6 

17.6 

35.J 

40 

7-5 

30.8 

280 

161 

40.5 

17.9 

35-8 

41 

313 

287 

164 

41.2 

18.3 

3^0    , 

42 

7.8 

319 

294 

167 

42.0 

18.6 

37.:  , 

43 

8.0 

32.5 

301 

171 

42.8 

19.0 

37.0 

44 

8.2 

33-0 

308 

174 

43-6 

193 

38.6 

45 

8.4 

33-6 

315 

178 

44.4 

19.7 

30-3 

1     46 

8.5 

34-2 

322 

181 

45-2 

20.0 

400 

47 

8.7 

34.7 

329 

184 

45-9 

20.3 

4a6 

48 

8.9 

35-2 

336 

188 

46.7 

20.6 

4U 

40 

9.1 

35.9 

343 

191 

47.6 

21.0 

42.0 

j  -, 

9.2 

36.4 

350 

195 

48.3 

21.4 

42i 
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a  rough  sandpaper-like  finish  is  wanted  it  can  be  secured  by 
rubbing  with  a  wooden  float  moistened  with  water.  This  finish 
is  not  as  apt  to  hair-check  as  the  smooth  finish. 

Freshly  laid  concrete  should  be  protected  from  a  hot  sun  by 
covering  it  with  canvas,  or  blankets,  and  wetting  it  down  fre- 
quently for  four  or  five  days.  No  plastering  of  surfaces  should 
be  allowed  after  the  cement  has  set.  If,  however,  it  has  been 
badly  hair-checked  from  heat  the  defect  can  usually  be  remedied 
by  rubbing  with  a  carborundum  brick.  Freshly  laid  concrete 
must  be  protected  from  frost.  A  satisfactory  method  is  to 
cover  with  canvas  and  a  thick  layer  of  manure  or  straw.  If  the 
concrete  has  been  frost-pitted,  on  the  surface  only,  bush  hammer- 
ing will  give  a  rough  stone  finish,  pleasing  in  appearance.  No 
culvert  work  should  be  allowed  in  continued  cold  weather,  as  it 
is  difficult  to  get  a  good  finish  and  in  roadwork  there  is  no  neces- 
sity of  doing  this  work  in  the  winter.  Concrete  inspection  must 
be  continuous. 

CONCLUSION 

For  obvious  reasons  the  inspection  of  construction  is  generally 
the  weak  point  in  Municipal  and  State  Engineering  undertak- 
ings. It  is  often  due  to  the  employment  of  inferior  inspectors, 
and  frequently  to  the  impossibility  of  even  good  inspectors  con- 
trolling certain  contractors.  The  work  is  rarely  bad,  but  it 
will  not  be  as  strong  nor  as  lasting  as  a  first-class  job,  and  if 
such  conditions  arc  foreseen,  and  cannot  be  avoided,  it  is,  per- 
haps, best  to  design  the  work  stronger  than  would  otherwise  be 
required,  as  this  seems  to  be  the  only  practical  method  of  meeting 
a  recognized  evil. 


CHAPTER    Xn 

SPECIFICATIONS 

Under  this  heading  are  included  extracts  from  the  State 
specifications  of  New  York  and  Washington  covering  "MateriaJs" 
and  the  more  common  construction  methods.  It  is  difficult  to 
write  a  specification  that  is  definite  and  fair,  and  it  is  impossible 
to  avoid  criticism.  The  following  clauses  are  examples  of  current 
practice.  They  are  not  ideal,  but  show  the  points  to  be  con- 
sidered. No  attempt  is  made  in  this  book  to  discuss  methods 
of  bidding  or  of  forms  of  proposals. 

BftATERIALS 

(New  York  State  Specifications,  191 1) 

Quality  of  Broken  Stone.  Only  broken  stone  and  screenings 
accepted  by  the  Commission  will  be  allowed  in  the  work,  and 
in  all  cases  they  must  be  of  a  hard  and  compact  texture  and  of  a 
uniform  grain.  The  fragments  shall  have  rough  surfaces  such 
as  are  obtained  by  fracture.  Water-worn  pebbles  will  not  be 
accepted.  Disintegrated  and  rotten  stone  from  the  surface  of  a 
quarry  or  elsewhere  will  not  be  accepted.  All  stone  shall  be 
thoroughly  clean  before  crushing  and  must  be  well  screened,  and 
free  from  injurious  matter  of  ever>'  nature. 

Field  stone,  boulders,  or  fence  stone  which  are  crushed  for 
macadam  purposes  shall  be  six  or  more  inches  in  diameter  if 
consisting  of  rounded  cobbles.  If  of  the  flat  variety,  the  mini- 
mum thickness  allowed  is  two  inches,  which  latter  will  also  apply 
to  laminated  quarr>'  stone. 

Selected  Gravel.  Gravel  satisfactory  to  the  Commission 
shall  be  placed  on  the  surface  of  the  roadway  where  called  for 
on  the  plans;  the  width  and  thickness  after  being  rolled  shall 
be  as  there  shown.  It  shall  be  composed  of  hard,  durable  stone 
and  assorted  sizes  of  finer  materials,  sufficient  but  no  more  than 
sufficient  to  fill  all  the  voids.  All  stones  that  will  not  pass  through 
a  two  and  three-quarter  inch  circular  ring  shall  be  removed.  It 
shall  be  sprinkled  until  thoroughly  wet  and  rolled  with  a  self- 
propelled  grooved  road-roller  weighing  approximately  ten  tons 
until  smooth  and  thoroughly  consolidated.  Under  no  circum- 
stances shall  shale  gravel  be  used. 

Gravel   for  Bituminous   Pavement.     Gravel    when   specified 

must  be  tested  and  approved  by  the  Commission.     It  shall  be 

separated  into  four  grades  by  means  of  screens  having  circular 

openings  of  the  following  diameters:  f-inch,  ij  inches,  2}  inches. 

and  jj  inches.     These  grades  w\U  htreiuafter  be  designated  as 

grax'el  screenings,  Xo.  2  gravel.  No.  3  ^laivtX,  ^Ai^'^^i.  ^  ^taN-el. 
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Any  material  which  will  pass  a  screen  having  openings  i  of  an 
inch  square  will  be  classified  as  dust. 

Filler  or  Binder.  The  filler  for  the  bottom  course  shall  be 
clean,  coarse  sand  or  stone  screenings  supplemented  by  product 
of  the  crusher  not  otherwise  used  in  top  or  bottom  courses. 
The  filler  and  wearing  surface  for  the  top  course  shall  be  of  top 
course  stone  screenings  and  when  bituminous  binder  is  used 
screenings  must  be  dry.  free  from  dust,  and  not  larger  than  will 
pass  a  t-inch  screen. 

BITUMINOUS  MATERIALS 

Methods  of  Testing  Bituiiinous  Materials  in  the  Labora- 
tory OF  THE  Commission 

Preparing  Laboratory  Samples.  Each  laboratory  sample  is 
usually  composed  of  several  samples  that  have  been  taken  to 
represent  one  lot  of  material.  The  material  in  the  separate 
samples  is  examined,  and,  if  uniform  in  appearance,  equal  amounts 
are  taken  from  each  and  thoroughly  blended  to  form  a  sample 
of  about  one-half  pint  on  which  the  complete  analysis  is  run. 

In  case  of  mineral  bitumen,  the  sample  received  is  thrown  on 
a  large  piece  of  paper,  pieces  which  are  evidently  foreign  to  the 
material  are  rejected,  and  the  whole  "  quartered  down  "  to  a 
sample  of  about  300  grams.  This  is  ground  in  a  mortar  and  the 
analvsis  run  on  this  part  of  the  original  sample. 

water  Present.  The  presence  of  water  in  an  oil,  asphalt,  or 
tar  is  determined  by  putting  about  40  grams  of  the  material 
into  a  deep,  seamless  3-ounce  tin  box,  a  thermometer  being 
suspended  in  the  material.  This  is  then  heated  to  about  230°  F. 
without  stirring.  If  water  is  present,  even  in  very  small  quan- 
titles,  the  material  will  froth  when  heated  to  about  212°  F. 
The  per  cent  of  water  present  is  determined  by  heating  20  grams 
of  the  material  in  a  2-ounce  seamless  tin  box  in  an  oven  main- 
tained at  a  temperature  of  212®  F.  for  an  hour.  The  per  cent 
of  water  in  mineral  bitumen  is  determined  in  a  similar  manner. 
The  loss  in  weight,  while  not  absolutely  correct,  is  considered  as 
moisture. 

Homogeneity.  The  homogeneity  of  the  mixture  is  shown  by 
its  general  appearance  at  a  temperature  of  77°  F.  when  in  a 
melted  condition  and  when  examined  under  the  microscope. 

Gravity.  The  gravity  is  determined  by  taking  a  small  test 
tube  about  f  of  an  inch  by  3}  inches,  which  is  accurately  weighed 
(weight  A).  The  tube  is  then  filled  with  distilled  water  at  77°  F. 
and  weighed  (weight  B).  To  get  the  gravity  of  the  oil,  asphalt, 
or  tar  the  tube  is  filled  with  the  material,  cooled  to  a  temperature 
of  77®  F.,  cut  off  level  with  the  top,  and  weighed  (weight  C). 

The  gravity  is  determined  as  follows:   -^ .   =  gravity. 

Penetration.     The  penetration  tests  are  msLdfc  Vi^  ^\\\Nl\w^  ^Cj^r. 
msLterial  to  be  tested  in  a  3-ounce  deep,  se2LTD\es>&  ^^XL\iQ^,^^a-^>^^% 
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the  box  in  water  maintained  at  77**  F.  for  a  period  of  2  houn 
before  making  the  penetration  tests.  The  tests  are  made  with 
a  New  York  Testing  Laboratory  Penetrometer  using  a  No.  2 
needle,  loo-gram  weight,  the  load  being  applied  for  5  seconds. 

Residue  having  a  Penetration  of  10  Millimeters.  This  test 
is  made  as  follows:  50  grams  of  the  oil  are  placed  in  a  3-ouncc 
deep,  seamless  tin  box,  the  box  placed  in  a  sand  bath  and  heate<i 
over  a  Bunsen  Burner.  A  thermometer  is  suspended  in  the  oil 
the  bulb  not  touching  the  bottom  of  the  box.  The  temperature 
of  the  oil  is  kept  at  from  480**  F.  to  500**  F.  and  the  oil  is  stirred 
from  time  to  time  with  the  thermometer  to  prevent  overheating 
in  any  part.  Depending  upon  the  nature  of  the  oil,  as  usually 
indicated  by  its  flash,  consistency  at  77®  F.  and  gravity,  the 
operator  can  tell  about  what  per  cent  it  will  be  necessary  to 
evaporate  before  cooling  and  taking  a  penetration  as  described 
under  the  test  for  penetration.  It  is  sometimes  necessar>''  to 
make  several  trials  before  the  desired  result  is  obtained.  When 
the  required  penetration  is  reached,  the  residue  left  from  evapora- 
tion is  weighed  and  its  per  cent  of  the  original  sample  taken  is 
computed. 

Ductility.  The  ductility  of  an  asphalt  cement  or  bitumen  is 
determined  by  the  distance  in  centimeters  that  a  briquette  of 
the  material  will  draw  out  before  breaking.  The  briquette  of 
the  asphalt  cement  is  molded  in  a  Dow  briquette  mold  having 
a  central  cross-section  i  centimeter  square,  a  2-square  centi- 
meter cross-section  at  mouth  of  clips,  and  a  distance  of  3  centi- 
meters between  clips.  The  molding  of  the  briquette  is  done  as 
follows:  The  mold  is  placed  on  a  brass  plate.  To  prevent  the 
asphalt  cement  from  adhering  to  this  plate  and  the  inner  sides 
of  the  two  pieces  of  the  mold,  they  shall  be  well  amalgamated. 
The  asphalt  cement  to  be  tested  is  poured  into  the  mold  while 
in  a  molten  state,  a  slight  excess  being  added  to  allow  for  shrink- 
age on  cooling,  .\fter  the  asphalt  cement  is  nearly  cooled,  the 
briquette  is  smoothed  oflf  level  by  means  of  a  hot  spatula.  When 
it  is  thoroughly  cooled  to  the  temperature  at  which  it  is  desired 
to  make  the  test,  the  clamp  and  the  two  side-pieces  are  removed, 
leaving  the  briquette  of  asphalt  cement  held  at  each  end  by  the 
ends  of  the  mold  which  serve  as  clips.  The  test  is  made  by  pulling 
the  two  clips  apart  at  a  uniform  rate  of  5  centimeters  per  minute 
by  means  of  hooks  inserted  in  the  eyes,  until  rupture  occurs. 
The  briquette  is  kept  in  water  at  77°  F.  for  at  least  30  minutes 
before  testing,  and  the  test  is  performed  while  the  briquette  is 
so  immersed  in  the  water  at  the  above  temperature,  and  at  no 
time  is  the  temperature  of  the  water  allowed  to  var>"  more  than 
half  a  degree  from  the  standard  temperature. 

Torsion.     The  torsion  test  is  made  by  rolling  with  the  hands 

a  roll  i  inch  in  diameter  having  a  working  length  or  distance 

between  gripping  points  of  6  inches.     The  roll  is  cooled  in  water 

to  i$°  C.  for  JO  minutes  and  the  torsion  made  immediately  upon 

taking  the  roll  from  water  by  gripping  V\ie  loll  with  the  fingers, 
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the  length  of  the  roll  being  6  inches  between  the  fingers.  Three 
complete  turns  of  one  end  of  the  roll  are  made  and  it  is  then 
examined  for  cracks.  A  similar  roll  cooled  in  a  similar  manner 
is  stretched  for  a  distance  of  at  least  3  feet  by  pulling  slowly 
with  the  hands. 

Melting  Point  of  Bitumen.  The  melting  or  softening  point  of 
bitumen  is  determined  by  filling  a  ring  f  inch  in  diameter  by 
1  inch  in  depth,  with  the  bitumen  to  be  tested.  After  cooling, 
the  bitumen  is  cut  off  level  with  the  top  of  the  ring.  The  ring 
containing  the  bitumen  is  placed  in  water  at  65**  F.  for  20  minutes 
before  making  the  test.  In  performing  the  test  the  ring  is  put 
in  a  support  so  placed  that  the  bottom  of  the  ring  is  i  inch  above 
the  bottom  of  an  800  cc.  beaker.  On  the  center  of  the  bitumen 
in  the  ring,  is  placed  a  J-inch  steel  ball,  a  thermometer  being 
placed  with  its  bulb  on  a  level  with  the  ring  containing  the 
bitumen.  The  beaker  is  nearly  filled  with  water  at  a  tempera- 
ture of  65°  F.  and  the  temperature  raised  at  the  rate  of  8**  F. 
to  10**  F.  per  minute.  The  temperature  recorded  by  the  ther- 
mometer at  the  time  the  ball  touches  the  bottom  of  the  beaker 
is  taken  as  the  melting  point  of  the  bitumen. 

Heating  Tests.  The  heating  tests  at  325°  F.  and  400**  F.  are 
made  by  weighing  20  grams  of  the  material  for  each  test  into 
2-ounce  seamless  tin  boxes  2  J  inches  by  J  inch.  The  boxes  are 
then  placed  in  ovens  maintained  at  325**  F.  and  400°  F.  for  5 
hours  and  the  loss  in  weight,  or  per  cent  of  loss  at  the  end  of 
that  period,  found. 

Flash.  About  40  grams  of  the  material  to  be  tested  are  placed 
in  a  3-ounce  deep,  seamless  tin  box.  The  box  containing  the 
material  is  placed  on  a  sand  bath  over  a  Bunsen  Burner,  the  bulb 
of  a  thermometer  being  placed  in  the  material,  but  so  adjusted 
as  not  to  touch  the  bottom  of  the  box.  The  fiame  of  the  Bunsen 
Burner  is  so  adjusted  that  the  temperature  01  the  material  being 
tested  is  raised  at  the  rate  of  10**  F.  to  15**  F.  per  minute.  As 
soon  as  vapors  are  seen  coming  off,  the  small  (lame  from  a  capil- 
lary tube  is  passed  over  the  center  of  the  liquid  and  about  J  inch 
above  it,  and  repeated  for  about  every  5°  F.  rise  in  temperature 
until  the  slight  explosion  indicates  the  flash-point  is  reached. 
The  temperature  at  this  point  is  recorded  as  the  open  flash-point 
of  the  material  being  tested. 

Total  Bitumen.  The  solubility  in  C  S2  is  found  by  weighing 
approximately  i  gram  of  the  material  into  an  Erlenmeyer  flask, 
adding  50  cc.  of  C  S2  and  allowing  the  solvent  to  act  1 2  hours 
at  laboratory  temperature,  care  being  taken  to  break  up  all 
lumps  before  filtering.  The  filtration  is  made  through  a 
C.  S.  &  S.  9-centimeter  filter  paper  No.  589.  The  papers  are 
first  dried,  and  weighed  immediately  before  using.  The  filtra- 
tion is  made  in  a  valve  funnel,  a  watch  glass  being  placed  on 
the  funnel  to  prevent  evaporation  of  the  solvent.  After  washing 
until  washings  come  clean,  the  filter  and  residue  are  placed  in 
an  oven  at  212**  F.  for  30  minutes,  cooled  in  a  deslcca.tft^  -s^^jA 
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weighed.  The  difiference  in  weight  gives  the  amount  of  material 
insoluble  in  C  5s  from  which  the  per  cent  of  soluble  bitumen  b 
computed. 

The  total  bitumen  in  mineral  bitumen  is  determined  by  weigh- 
ing about  25  grams  of  the  dried  material  into  a  dried  and  weighed 
C.  S.  &  S.  extraction  cartridge  and  extracting  in  a  continuous 
extraction  apparatus,  using  C  St  for  a  solvent;  drying  and  weigh- 
ing after  extraction  is  completed.  The  loss  gives  the  amount 
of  bitumen  soluble  in  C  5?. 

Carbon  Tetrachloride  Solubility.  This  test  is  made  in  the 
same  manner  as  determining  the  bitumen  soluble  C  St,  except 
that  C  C  /i  is  used  as  solvent. 

Naphtha  Solubility.  The  amount  of  material  soluble  in  76^ 
naphtha  (boiling  i>oint  140*^  F.  to  190*^  F.)  is  found  by  the  same 
method  that  is  used  in  getting  the  amount  soluble  in  C  5s,  except 
that  naptha  is  used  for  a  solvent  in  place  of  C  St-  The  character 
of  the  filtrate  is  determined  by  placing  about  10  cc.  of  the  filtrate 
in  the  tin  covers  of  the  2-ounce  boxes  used  in  making  the  heating 
tests  and  allowing  the  filtrate  to  evaporate.  The  residue  is 
noted  to  be  sticky  or  oily  by  rubbing  between  the  fingers. 

Water  Soluble  Materials.  Water  soluble  materials  in  tar  are 
determined  by  weighing  about  2  grams  into  a  casserole,  adding 
50  cc.  of  distilled  water,  and  boiling  for  i  hour.  The  solution 
is  then  filtered  into  a  weighed  porcelain  evaporating  dish,  using 
hot  distilled  water  for  a  wash  and  evaporated  to  dryness  on  a 
steam  bath.  The  weight  of  the  evaporating  dish  and  contents 
after  drying  to  a  constant  weight  of  212°  F.,  less  the  weight  of 
the  dish  itself,  gives  the  amount  of  water  soluble  materials  in 
the  tar.  from  which  the  per  cent  may  be  calculated. 

Free  Carbon.  The  free  carbon  in  tar  is  determined  by  ex- 
traction at  room  temperature  with  C  5j.  In  extraction  C  St  is 
used  in  the  same  manner  as  making  the  determination  for  the 
amount  of  bitumen  soluble  in  C  St  in  asphalts.  Determination 
as  to  whether  extraction  is  complete  is  made  by  placing  some  of 
the  carbon  on  white  porcelain,  moistening  it  with  C  5s,  and  if 
the  porcelain  is  stained  the  extraction  is  not  complete,  and  the 
carbon  requires  more  washing. 

Paraffine.  Fifty  grams  of  the  material  are  placed  in  a  half- 
pint  retort,  E.  &  A.  No.  4521,  fitted  with  a  tee  condenser.  To 
the  20-inch  iron  delivery  tube  of  the  retort  is  attached  a  lo-inch 
glass  tube,  and  between  the  cover  and  the  retort  is  placed  a 
paper  gasket  cut  from  heavy  wrapping-paper.  The  material  is 
rapidly  distilled  to  a  dry  coke  from  which  no  further  distillate 
can  be  obtained,  not  over  25  minutes  being  allowed  from  the 
time  of  placing  flame  under  retort  until  distillation  ceases. 
About  5  grams  of  the  distillate  are  taken  if  the  materials  con- 
tain 2  per  cent  or  less  of  paraffine  and  about  3  grams  if  the  material 
contains  over  2  per  cent  of  paraffine.  This  amount  of  distillate 
is  dissolved  in  25  cc.  of  Squibbs  Absolute  Ether  in  a  2-ouncc 
^Jass  flask,  after  which  25  cc.  of  Squibbs  Absolute  Alcohol  are 
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added.  A  one-to-one  wash  of  25  cc.  each  of  similar  ether  and 
alcohol  is  made  up,  and  the  solution  of  oil  and  the  wash  are  then 
frozen  separately  for  40  minutes  in  a  salt  and  ice  mixture,  giving 
a  temperature  of  o**  F.  The  precipitate  is  filtered  quickly  by 
means  of  a  suction  pump  by  using  a  No.  575  C.  S.  &  S.  9-centi- 
meter hardened  filter-paper;  the  paper  being  placed  in  a  funnel 
packed  in  a  freezing  mixture  of  salt  and  ice.  The  paraffine 
caught  on  the  filter-paper  is  washed  with  the  cool  one-to-one 
wash  until  the  paraffine  is  white.  The  paraffine  is  then  scraped 
into  a  weighted  crystallizing  dish  and  maintained  at  a  tempera- 
ture of  212°  F.  until  a  constant  weight  is  obtained,  after  which 
it  is  weighed  and  the  percentage  of  paraffine  in  the  original 
material  is  computed  by  dividing  the  weight  of  the  paraffine 
obtained  by  the  number  of  grams  of  distillate  taken  for  freezing, 
and  multiply  this  result  by  the  percentage  distilled  from  the 
original  sample  (i.e.,  by  100  per  cent  less  weight  of  coke  expressed 
in  percentage).  The  paraffine  so  determined  to  have  a  melting 
point  of  at  least  1 20^  F. 

The  melting-point  of  paraffine  is  determined  by  covering  the 
bulb  of  a  thermometer  with  the  paraffine;  suspending  the  ther- 
mometer in  a  beaker  of  water  at  65°  F.,  and  heating  the  water 
at  the  rate  of  8**  to  10°  F.  per  minute.  The  temperature  re- 
corded by  the  thermometer  at  the  time  the  paraffine  melts  from 
the  bulb  is  taken  as  the  melting-point  of  the  paraffine. 

Distillation  of  Tar.  The  distillation  test  of  tar  is  made  by 
weighing  100  grams  of  the  tar  into  a  250  cc.  Engler  fiask  with 
delivery  tube  at  the  middle  of  the  neck.  The  thermometer  is 
so  placed  that  the  upper  end  of  the  mercury  bulb  is  opposite 
the  outlet  of  the  flask.  The  thermometer  used  to  have  a  nitro- 
gen chamber  to  insure  accurate  readings  at  high  temperatures. 
The  flame  is  so  regulated  that  approximately  i  cc.  of  distillate 
is  caught  per  minute.  At  the  breaking  or  fractioning  points, 
the  flame  is  removed  and  the  temperature  is  allowed  to  drop 
about  10°;  the  flame  is  then  replaced  and  the  temperature 
brought  to  the  fractioning  point.  This  is  repeated  until  all  is 
over  that  will  come  at  that  temperature.  The  temperature  is 
then  carried  to  the  next  fractioning  i>oint  and  the  method  of 
fractioning  repeated.  The  distillates  for  the  different  fraction- 
ing points  are  caught,  weighed,  and  per  cent  of  distillate  of  tar 
taken  for  analyses,  computed  for  the  various  temperatures,  per- 
centages being  given  by  weight. 

Fixed  Carbon  and  Mineral  Matter.  The  fixed  carbon  is 
determined  by  weighing  approximately  i  gram  of  the  material 
into  a  weighed  platinum  crucible  with  a  tightly  fitting  cover. 
The  crucible,  with  its  cover  in  place,  is  then  placed  about  4  inches 
over  a  freely  burning  Bunsen  Burner  so  as  to  be  completely  en- 
veloped in  the  flame  and  exposed  to  the  full  heat  of  the  burner 
for  about  3  minutes  or  until  the  top  of  the  crucible  cover  is 
burned  free  from  the  carbon;  the  under  side  of  the  covei:  h^vxs?^ 
covered  with  the  carbon.     The  Aame  \s  \>cifcxv  ^*vOtAx'*:^'«^>  ^J^*^ 
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crucible  cooled  and  weighed.  The  weight  after  burning,  less 
the  weight  of  the  crucible,  gives  the  amount  of  fixed  carbon  plus 
the  roineral  matter.  The  fixed  carbon  is  then  burned  off  in 
the  open  crucible  until  a  constant  weight  is  obtained;  the  crucible 
cooled  and  weighed.  This  weight  is  the  crucible  plus  the  mineral 
matter.  The  mineral  matter  subtracted  from  the  combined 
weight  of  fixed  carbon  and  mineral  matter  gives  the  fixed  carbon. 

BrruMiNons  material  a 

Mastic  for  Bttuionocs  Macadams 

Bituminous  material  A  shall  have  the  following  character- 
istics: 

(i)    It  shall  be  free  from  water  or  decomposition  products. 

(2)  The  various  hydrocarbons  composing  it  shall  be  present 
in  homogeneous  solution,  no  oily  or  granular  constituents  being 
present.  The  material  shall  not  be  short,  and  shall  show  satis- 
factor>'  ductility  and  adhesiveness. 

(3)  The  gravity  at  a  temperature  of  77®  F.  shall  not  be  lighter 
than  13  Beaum^. 

(4)  The  penetration  shall  be  between  12  and  18  millimeters 
when  tested  for  5  seconds  at  77°  F.  with  a  No.  2  needle 
weighted  with  100  grams. 

(s)  Twenty  (20)  grams  of  it  uFK>n  being  maintained  at  a  uni- 
form temperature  of  325°  F.  for  five  hours  in  a  cylindrical  vessel 
2}  inches  in  diameter  by  i  inch  high  shall  not  lose  more  than 
4  per  cent  in  weight. 

(6)  Twenty  grams  of  it  upon  being  maintained  at  a  uniform 
temperature  of  400**  F.  for  five  hours  as  above  stated  shall  not 
lose  more  than  8  per  cent.  The  character  of  the  residue  at  77°  F. 
shall  be  smooth  and  nearly  solid,  but  not  so  hard  that  it  may  not 
be  easily  dented  with  the  finger. 

(7)  Its  solubility  at  air  temperature  in  chemically  pure  car- 
bon disulphide  for  the  following  named  materials,  or  materials 
similar  thereto,  shall  be  at  least  99.5  per  cent  for  Residuum  or 
Gilsonitc  products,  96  per  cent  for  the  Bermudez  products, 
81  per  cent  for  Cuban  products,  and  66  per  cent  for  Trinidad 
products. 

(8)  The  solubility  of  the  bitumen  at  air  temperature  in  76 
per  cent  Beaum6  petroleum  naphtha  distilling  between  140  and 
190°  F.  shall  be  between  79  and  84  per  cent  for  Residuum, 
Gilsonitc,  and  Bermudez  products,  and  between  72  and  82  per 
cent  for  other  products. 

(9)  It  shall  show  between  9  and  15  per  cent  fixed  carbon. 

(10)  It  shall  show  an  open  flash-point  of  not  less  than  450**  F. 

(11)  It  shall  not  contain  more  than  3.7  per  cent  of  paraffine 
scale,  according  to  the  method  of  determining  parafiine  scale 

given  below.     However,  a  product  which  contains  not  more  than 

4-7  per  cent  of  parafTmc  scale  wWV  be  accented  but  at  a  reduction 

/n  relative  price ^  and  in  bid  price  lot  add\V\oTvs,  oV  Qiii<^\AM  cent 
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for  each  gallon  in  which  the  paraffine  percentage  is  over  3.7 
per  cent  but  not  over  4.03  per  cent;  one  cent  when  the  percent- 
age is  over  4.03  per  cent  but  not  over  4.37  per  cent;  one  and 
one-half  cents  when  the  percentage  is  over  4.37  per  cent,  but  not 
over  4.7  per  cent.  The  foregoing  percentages  are  to  be  determined 
in  the  laboratory  of  the  Commission  by  its  employees. 

All  bituminous  material  A  will  be  sampled  by  an  engineer  of 
the  department,  and  no  such  material  will  be  permitted  in  the 
work  unless  it  conforms  to  the  above  requirements  as  determined 
in  the  laboratory  of  the  Commission  by  its  employees,  nor  shall 
any  of  it  be  used  until  it  has  been  accepted  by  the  Commission. 

BITUMINOUS  MATERIAL  T 

The  bituminous  material  T  shall  be  a  tar  having  the  following 
characteristics: 

(i)  The  tar  shall  contain  no  water  and  not  more  than  0.2 
per  cent  of  mineral  matter  or  dirt. 

(2)  It  shall  be  uniform  in  character,  appearance,  and  viscosity. 

(3)  It  shall  not  contain  over  0.5  per  cent  of  water  soluble 
materials. 

(4)  It  shall  have  a  specific  gravity  between  1.17  and  1.25  at 

2S*»C. 

(5)  It  shall  contain  no  body  that  distils  at  a  lower  tem- 
perature than  170**  C,  at  least  10  per  cent  by  weight  of  creosote 
oil  having  a  gravity  of  not  less  than  1.03  at  60**  F.  shall  distil 
between  170**  C.  and  315**  C,  and  at  least  75  per  cent  by  weight 
of  pitch  having  a  melting-point  not  higher  than  165°  F.  shall 
remain  after  all  bodies  up  to  315°  C.  have  been  distilled. 

(6)  On  extraction  with  C  St  it  shall  not  contain  more  than 
21  per  cent  free  carbon. 

(7)  A  one-half  inch  roll  of  the  crude  material  six  inches  in 
length,  cooled  to  a  temperature  of  15**  C,  shall  permit  a  torsional 
test  of  at  least  three  complete  turns  without  breaking  or  crack- 
ing and  shall  stretch  at  least  three  feet,  forming  at  the  center  a 
very  fine  thread  before  rupture  occurs,  and  at  60**  F.  should, 
when  doubled  into  a  length  of  about  one  foot,  bear  hitting  hard 
on  an  iron  or  stone  surface  without  showing  signs  of  cracking. 

Except  where  otherwise  noted,  the  methods  used  in  testing 
will  be  those  proposed  by  the  committee  on  "  Bituminous 
Materials  *'  of  the  American  Society  of  Civil  Engineers.  (See 
page  112). 

All  bituminous  material  T  will  be  sampled  by  an  engineer  of 
the  Department,  and  no  such  material  will  be  permitted  in  the 
work  unless  it  conforms  to  the  above  requirements,  as  determined 
in  the  laboratory  of  the  Commission  by  its  employees,  nor  shall 
any  of  it  be  used  until  it  has  been  accepted  by  the  Commission. 

BITUMINOUS  MATERIAL  A-T 

This  material  shall  be  a  mixture  of  bitwrcvvcvow'a  x^^v^xx-a^  K 
and  bituminous  material  T  oi  tViese  sptd^c^xXQ^"?*  ^wCn^s^^  -s^Kvix 
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being  heated  and  melted  separately  in  proportion  of  one  part  by 
volume  of  A  and  five  parts  of  T. 

Measures  of  known  capacity  shall  be  used  to  obtain  these 
proportions  as  these  materials  are  placed  in  the  heating  tank 
on  the  highway. 

All  the  ingredients  of  bituminous  material  A-T  will  be 
sampled  by  an  engineer  of  the  Department,  and  no  such  material 
will  be  permitted  in  the  work  unless  it  conforms  to  the  above 
requirements,  nor  shall  any  of  it  be  used  until  it  has  been  ac- 
cepted by  the  Commission. 

MINERAL  BTTUlfEN 

Mineral  bitumen  shall  consist  of  mineral  matter  mixed  when 
heated  to  between  170*^  F.  and  220°  F.,  with  10  per  cent  of  bi- 
tuminous material  when  heated  to  between  300**  F.  and  400^  F. 
The  mineral  matter  must  be  clean  siliceous  sand  of  varying 
sizes.  It  shall  be  a  well-graded  sand  of  which  100  per  cent  shall 
pass  a  No.  6  sieve;  between  70  and  85  per  cent  shall  pass  a 
No.  30  sieve;  between  40  per  cent  and  60  per  cent  shaU  pass 
a  No.  50  sieve;  between  15  per  cent  and  25  per  cent  shall  pass  a 
No.  80  sieve;  between  2  per  cent  and  4  per  cent  shall  pass  a  No. 
200  sieve.  The  bituminous  material  shall  be  **  Bituminous 
Material  A ''  of  the  general  specifications.  A  rock  asphalt 
finely  and  evenly  ground  containing  not  less  than  10  per  cent  of 
pure  bitumen,  as  determined  in  the  laboratory  of  the  Commission 
by  its  employees  (the  balance  being  clean  siliceous  sand)  will  be 
accepted  as  a  mineral  bitumen.  Notwithstanding  the  fact  that 
samples  of  shipment  may  pass  the  laboratory  test  and  the  ship- 
ment be  accepted,  if  it  develops  that  material  is  used  upon  the 
road  which  has  less  than  10  per  cent  of  bitumen  it  shall  be 
removed  and  material  substituted  containing  not  less  than 
10  per  cent. 

All  mineral  bitumen  will  be  sampled  by  an  engineer  of  the 
Department,  and  no  such  material  will  be  permitted  in  the  work 
unless  it  conforms  to  the  above  requirements,  nor  shall  any  of 
it  be  used  until  it  has  been  accepted  by  the  Commission. 

BITUMraOUS  MATERIAL  H.  O.     (HOT  OIL) 

This  material  shall  be  a  heavy  asphaltic  oil  meeting  the  fol- 
lowing requirements: 

(i)    It  shall  be  free  from  water  or  decomposition  products. 

(2)  The  various  hydrocarbons  composing  it  shafi  be  present 
in  homogeneous  solution,  no  oily  or  granular  constituents  being 
present. 

(3)  The  gravity  at  a  temperature  of  77°  F.  shall  not  be  lighter 
than  15**  Beau  me. 

(4)  \Vhen  evaporated  in  the  open  air  at  a  temi>erature  ^not 
exceeding    i;oo°  F.   until   90  per   cent   of   residue  remains,  the 

res/due  shall  not  be  so  hard  as  to  s\iovi  a  p^tvtVroA.\cni  Usa  than 
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millimeters  when  tested  for  five  seconds  at  77°  F.  with  a 

2  needle  weighted  with  100  grams. 
S)  When  evaporated  in  the  open  air  at  a  temperature  not 
seding  500**  F.  until  80  per  cent  of  residue  remains,  the  residue 
11  not  be  so  soft  as  to  show  a  penetration  more  than  ten  milli- 
;ers  when  tested  for  five  seconds  as  above  stated. 
3)  Twen'ty  (20)  grams  of  it  upon  being  maintained  at  a 
Form  temperature  of  325**  F.  for  five  hours  in  a  cylindrical 
sel  two  and  on.e-half  inches  in  diameter  by  three-fourths 

I  high  shall  not  lose  less  than  3  nor  more  than  6  per  cent  in 
jht. 

7)  Twenty  (20)  grams  of  it  upon  being  maintained  at  an 
form  temperature  of  400°  F.  for  five  hours  as  stated  above 

II  not  lose  less  than  6  nor  more  than  10  per  cent  in  weight. 
i  character  of  the  residue  at  77°  F.  shall  be  smooth  and  nearly 
d,  but  not  so  hard  that  it  may  not  be  easily  dented  with  the 
er,  and  at  this  temperature  it  shall  pull  to  a  long  thin  thread. 
I)  It  shall  be  soluble  in  chemically  pure  carbon  disulphide 
ir  temperature  to  the  extent  of  99.5  per  cent. 

})    It  shall  be  soluble  in  y6^  Beaum^  petroleum    naphtha, 
temperature,  to  the  extent  of  not  less  than  82  per  cent  and  not 
'e  than  88  per  cent.     When  20  cc.  of  naphtha  solution,  ob- 
led  by  treating  one  gram  of  the  bituminous  material  with 
cc.  of  cold  naphtha,  is  evaporated  upon  a  glass  plate,  the 
due  shall  be  adhesive  and  sticky,  and  not  oily, 
[o)   It  shall  show  between  6  and  12  i>er  cent  of  fixed  carbon, 
[x)    It  shall  show  a  flashing  point  (New  York  State  closed 
tester)  of  more  than  325°  F. 
[2)    It  shall  not  contain  more  than  3.5  per  cent  of  parafline 

e. 

Jl  asphaltic  oil  will  be  sampled  by  an  engineer  of  the  De- 
tment,  and  no  such  material  will  be  permitted  in  the  work 
*ss  it  conforms  to  the  above  requirements,  nor  shall  any  of 
e  used  until  it  has  been  accepted  by  the  Commission. 
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*his  material  shall  be  an  asphaltic  oil  meeting  the  following 
lirements: 

[)    It  shall  be  free  from  water  or  decomposition  products, 
a)    The  various  hydrocarbons  composing  it  shall  be  present 
homogeneous  solutions,  no  oily  or  granular  constituents  being 
sent. 

3)    The  gravity  at  a  temperature  of  77°  F.  shall  not  be  lighter 
n  19®  Beaum^. 

4.)    When  evaporated  in  the  open  air  at  a  temperature  not 
eeding   500®  F.   until  65   per   cent   of  residue   remains,    the 
due  shall  not  be  so  hard  as  to  show  a  penetration  les&  tlv^vv 
millimeters  when  tested  for  five  seconds  a.\.  TT*^-  ''^N^  ^ 
2  needle  weighted  with  100  grams. 
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(5)  When  evaporated  in  the  open  air  at  a  temperature  not 
exceeding  500°  F.  until  55  per  cent  of  residue  remains,  the 
residue  shall  not  be  so  soft  as  to  show  a  penetration  more  than 
10  millimeters  when  tested  for  five  seconds  as  above  stated. 

(6)  Twenty  grams  of  it,  upon  being  maintained  at  a  uniform 
temperature  of  325**  F.  for  five  hours,  in  a  cylindrical  vessel 
2 1  inches  in  diameter  by  J-inch  high,  shall  not  lose  more  than 
12  per  cent  in  weight. 

(7)  Twenty  grams  of  it  upon  being  maintained  at  a  uniform 
temperature  of  400*^  F.  for  five  hours,  as  above  stated,  shall  not 
lose  more  than  20  per  cent  in  weight. 

(8)  It  shall  be  soluble  in  chemically  pure  carbon  disulphide 
at  air  temperature  to  the  extent  of  at  least  99.5  per  cent. 

(9)  The  bitumen  shall  be  soluble  at  air  temperature  in  76** 
Beaum6  naphtha,  distilling  between  140°  and  190**  F.,  to  the 
extent  of  not  less  than  87  per  cent  and  not  more  than  99  per  cent. 
When  20  cc.  of  a  naphtha  solution  obtained  by  treating  one  gram 
of  the  bituminous  material  with  100  cc.  of  cold  naphtha  is  evap> 
orated  upon  a  glass  plate,  the  residue  shall  be  adhesive  and 
sticky  and  not  oily. 

(10)  It  shall  not  show  more  than  10  per  cent  fixed  carbon. 

(11)  It  shall  show  an  open  flash-point  of  not  less  than  300^  F. 

(12)  It  shall  not  contain  more  than  3  per  cent  paraffine  scale. 

BITUMINOUS  MATERIAL  L.  C.  O.     (LIGHT  COLD  OIL) 

The  material  shall  be  light  asphaltic  oil  meeting  the  following 
requirements: 

(1)  It  shall  be  free  from  water  or  decomposition  products. 

(2)  The  various  hydrocarbons  composing  it  shall  be  present 
in  homogeneous  solution,  no  oily  or  granular  constituents  being 
present. 

(3)  The  gravity  at  a  temperature  of  77**  F.  shall  not  be  lighter 
than  25°  Beaum^. 

(4)  When  evaporated  in  the  open  air  at  a  temperature  not 
exceeding  500°  F.  until  35  per  cent  of  the  residue  remains,  the 
residue  shall  not  be  so  hard  as  to  show  a  penetration  less  than 
10  millimeters  when  tested  for  five  seconds  at  77**  F.  with  a 
No.  z  needle  weighted  with  100  grams. 

(5)  When  evaporated  in  the  open  air  at  a  temperature  not 
exceeding  500°  F.  until  45  per  cent  of  residue  remains,  the  residue 
shall  not  be  soft  enough  to  show  a  penetration  of  more  than  10 
millimeters  when  tested  for  five  seconds  as  above  stated. 

(6)  Twenty  grams  of  it  upon  being  maintained  at  a  uniform 
temperature  of  325°  F.  for  five  hours,  in  a  cylindrical  \'essel 
2}  inches  in  diameter  by  about  |-inch  high,  shall  not  lose  more 
than  15  per  cent  in  weight. 

t^;^)    Twenty  grams  of  it  upon  being  maintained  at  a  uniform 
temperature  of  400®  F.  for  five  \\outs  as  a\io\e  stated  shaQ  not 
/ose  more  than  30  per  cent  in  weighl. 
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(8)  It  shall  be  soluble  in  chemically  pure  carbon  disulphide 
at  air  temperature  to  the  extent  of  at  least  99.5  per  cent. 

(9)  The  bitumen  shall  be  soluble  at  air  temperature  in  76° 
Beaum6  naphtha,  distilling  between  140°  and  190^  F.,  to  the 
extent  of  not  less  than  87  per  cent  and  not  more  than  99  per 
cent.  When  20  cc.  of  a  naphtha  solution,  obtained  by  treating 
one  gram  of  the  bituminous  material  with  100  cc.  of  cold  naphtha, 
is  evaporated  upon  a  glass  plate,  the  residue  shall  be  adhesive 
and  sticky  and  not  oily. 

(10)  It  shall  not  show  more  than  8  per  cent  of  fixed  carbon, 
(iz)    It  shall  not  show  an  open  flash  of  less  than  280*^  F. 
(12)    It  shall  not  contain  more  than  4  per  cent  of  paraffine 

scale. 

BRICK 

Paving  brick  shall  be  reasonably  perfect  in  shape  —  shall  be 
ree  from  marked  warping  or  distortion,  and  shall  be  uniform  in 
ize,  so  as  to  fit  closely  together  and  to  make  a  smooth  pave- 
aent.  All  brick  shall  be  homogeneous  in  texture  and  free  from 
^minations  and  seams.  .\11  brick  shall  be  evenly  burned  and 
horoughly  vitrified. 

Soft,  brittle,  cracked,  or  spalled  brick,  or  brick  kiln-marked  to 
.  height  or  depth  of  over  V^  parts  of  an  inch  will  be  rejected. 

If  brick  have  rounded  corners,  the  radius  shall  not  be  greater 
han  iV  part  of  an  inch. 

Brick  must  have  not  less  than  two  nor  more  than  four  vertical 
ugs  or  projections  not  more  than  i  inch  wide,  on  one  side  of 
ach  brick,  the  total  area  of  all  lugs  being  not  more  than  3  square 
aches,  so  that  when  laid  there  shall  be  a  separation  between  the 
iricks  of  at  least  i  inch  and  not  more  than  I  inch.  The  imprint. 
If  name  of  the  brick,  or  maker,  if  used,  shall  be  by  means  of 
ecessed  and  not  by  raised  letters.  The  two  ends  of  the  brick 
hall  have  a  semi-circular  groove,  with  a  radius  of  not  less  than 

of  an  inch  and  not  more  than  \  of  an  inch.  Grooves  shall  be  so 
3cate(l  that  when  the  brick  are  laid  together  the  grooves  shall 
tiatch  perfectly;  grooves  shall  be  horizontal  when  brick  is  laid 
a  pavement. 

AH  brick  shall  not  be  less  than  3}"  X  3!"  X  8i"  nor  more  than 
y  X  4"  X  q"  in  size. 

All  brick  shall  be  subject  to  tests  for  abrasion  and  impact, 
or  absorption,  according  to  the  standard  methods  prescribed 
>y  the  National  Brick  Manufacturers'  Association,  as  follows: 

The  Standard  Rattler  shall  be  twenty-eight  (28)  inches  in 
liatneter  and  twenty  (20)  inches  in  length,  measured  inside  the 
attling  chamber,  the  cross-section  of  which  shall  be  a  regular 
K>lygon  of  fourteen  sides.  There  shall  be  a  space  of  one-fourth 
if  an  inch  between  the  staves  to  provide  for  the  escape  of  dust 
Lnd  chips. 

The  Standard  Charge  will  consist  of  approximately  one  thousand 
:ubic  inches  of  the  brick  to  be  tested,  together  vjxVVv  ^  sVv\.y^\v\.\\ 
:harge  of  three  hundred  (joo)  pounds  oi  caslAioiv  Voircvs*  coy«\>^%^'^ 
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of  approximately  two  hundred  and  fifty-six  (356)  cast-iron  cuba 
one  and  one-half  inches  on  a  side  with  square  edges  and  comen, 
and  ten  cast-iron  blocks  two  and  one-half  inches  square  and 
four  and  one-half  inches  long  with  slightly  rounded  edges. 
Forms  that  have  lost  15  per  cent  in  weight  shall  be  replaced  by 
new  forms. 

The  Standard  Test  will  consist  of  1,800  revolutions  of  a  stand- 
ard rattler  with  a  standard  charge  as  above.  The  speed  of  the 
rattler  will  not  be  more  than  thirty,  nor  less  than  twenty-eight, 
revolutions  per  minute. 

Bricks  to  be  tested  will  be  dried  for  forty-eight  hours  contin- 
uously at  a  temperature  of  from  230®  to  250®  F.  They  will  then 
be  weighed  on  scales  sensitive  to  one  gram,  rattled,  as  above, 
rewcighed,  and  immediately  immersed  in  water  for  a  period  of 
forty-eight  hours.  After  soaking  and  before  reweighing  the  bricb 
will  be  wiped  free  from  all  surplus  water. 

The  increase  in  weight,  due  to  absorption,  will  be  calculated 
in  per  cents  of  the  dry  weight  of  the  brick. 

Any  brick  which  loses  nineteen  (19)  per  cent  or  more  in  the 
rattler,  or  increases  more  than  3}  per  cent  in  weight  or  less  than 
I  of  I  per  cent  in  the  absorption  test,  will  be  rejected. 

On  grades  of  five  (5%)  per  cent  or  over  the  engineer  may,  if 
he  deems  advisable  for  the  traffic,  order  the  contractor  to  use 
special  form  of  brick  suitable  for  steep  grades. 

Expansion  Joint  Paving  Pitch.  This  cushion  shall  be  com- 
posed of  heavy  pitch  or  asphaltum  composition,  having  a  melting 
point  of  not  less  than  120**  F.  nor  more  than  140*"  F.,  filling  the 
allotted  space. 

BLOCK  STONE  PAVEBfENT 

(City  of  Rochester,  N.  Y.,  Spectfications,  191  i) 

Paving  blocks  shall  consist  of  the  best  quality  of  Medina  sand- 
stone free  from  quarry  checks  or  cracks,  and  shall  be  quarried 
from  fine-grain  live  rock,  showing  a  straight  and  even  fracture. 
The  material  shall  be  of  uniform  quality  and  texture,  free  from 
scams  or  lines  of  clay  or  other  substances  which,  in  the  opinion 
of  the  City  Engineer,  will  be  injurious  to  its  use  as  paving  material 

Blocks  shall  measure  not  less  than  three  (3)  nor  more  thansiii 
(6)  inches  thick,  and  not  less  than  six  (6)  nor  more  than  six  and 
one-half  (6})  inches  deep,  and  from  seven  (7)  to  twelve  (w) 
inches  in  length.  Stones  to  have  parallel  sides  and  ends,  and 
right-angle  joints.  All  roughness  in  joints  of  stone  to  be  broken 
off,  so  that  when  set  in  place  they  shall  have  tight  joints  for  a 
distance  of  at  least  two  and  one-half  (2I)  inches  from  the  top 
down.  The  top  to  have  a  smooth  even  surface,  with  no  projec- 
tion or  depression  exceeding  one-quarter  (})  inch. 

When  approved  by  the  City  Engineer,  paving  blocks  of  the 
following  dimensions  may  be  used: 

Three  to  five  inches  in  widlVv,   ^vt  \nc\ie?>  Vxi.  dft.^tb.,  with  an 
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allowable  variation  of  one-quarter  inch,  more  or  less,  in  said 
depth,  and  seven  to  twelve  inches  in  length. 

Paving  blocks  as  here  referred  to  shall  be  understood  to  mean 
blocks  of  Medina  sandstone,  prepared  in  the  usual  manner  for 
dressed  block  paving  by  nicking  and  breaking  the  stone  from 
larger  blocks,  as  is  done  at  the  quarries  where  such  blocks  are 
usually  prepared,  and  not  made  by  re-dressing  or  selecting  from 
common  stone  paving  material. 

The  stones  will  be  carefully  inspected  after  they  are  brought 
on  the  line  of  the  work,  and  the  blocks  which,  in  quality  and 
dimensions,  do  not  conform  strictly  to  these  specifications,  will 
be  rejected  and  must  be  immediately  removed  from  the  line  of 
the  work.  The  contractor  will  be  required  to  furnish  such 
laborers  as  may  be  necessary  to  aid  the  inspector  in  the  examina- 
tion and  the  culling  of  the  blocks. 

The  stones  brought  upon  the  ground  having  been  carefully 
and  thoroughly  inspected,  as  provided  for  herein,  and  all  re- 
jected stones  removed  from  the  line  of  the  work,  the  contractor 
will  then  be  required  to  pile  such  stone  as  may  have  been  ap- 
;>rov'ed,  neatly,  on  the  front  of  the  sidewalk,  and  not  within  three 
[3)  feet  of  any  fire  hydrant,  and  in  such  manner  as  will  preserve 
lufficient  passageway,  on  the  line  of  the  sidewalks,  and  also  pcr- 
3iit  of  free  access  from  the  roadway  to  each  entrance  on  the  line 
>f  the  street. 

SECOND  QUALITY  BLOCKS 

(the  following  not  in  any  specifications) 

Second  quality  block,  known  as  pavers,  arc  practically  the 
*Ame  material  as  the  first  quality  block,  the  only  difference  being 
i  greater  range  of  size  and  a  less  careful  top  and  joint  finish. 
rhcy  cost  $0.50  per  square  yard  less.  These  pavers  can  be  fur- 
itshed  under  a  specification  allowing  the  following  range  of 
kize  and  joint  width: 

(City  of  Cleveland  Specifications) 

**  Common  paving  stones  shall  consist  of  the  best  quality  of 
Ifedina  sandstone,  and  shall  be  not  less  than  three  (3)  nor  more 
:han  five  (s)  inches  thick,  and  not  less  than  seven  (7)  nor  more 
:han  eight  (8)  inches  deep,  and  from  eifiht  (8)  to  thirteen  (13) 
nches  long.  The  stones  to  have  parallel  sides  and  ends,  with 
-ight-angle  joints,  all  roughness  and  points  of  stone  to  be  broken 
>fl  so  that  when  set  in  place  they  shall  have  tight  joints  for  a 
listance  of  at  least  three  inches  from  the  top;  the  area  of  the 
bottom  of  any  stone  to  be  not  less  than  three-quarters  (J)  of 
:he  area  of  the  top,  the  top  of  all  stones  to  have  a  smooth  even 
surface." 
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CEliBNT 

(New  York  State  Specifications,  zqii) 

General  Conditions.  All  cement  shall  be  subject  to  ri^ 
inspection  and  to  prescribed  tests  made  at  the  cement-testing 
laboratory  of  the  Commission. 

Portland  cement  shall  be  used  and  shall  be  of  the  brand  known 
by  prior  use  on  extensive  works  to  be  of  the  best  quality. 

Provisions  shall  be  made  by  the  contractor  for  storing  cement 
in  a  dry  place  and  delivery  shall  not  be  made  until  the  Commis- 
sion has  been  notified  to  inspect  the  cement  and  to  take  samples, 
for  which  facilities  shall  be  afiforded  by  the  contractor.  The  con- 
tractor shall  not  use  on  the  work  any  cement  which  becomes 
damaged  while  stored. 

The  cement  shall  be  stored  so  that  each  shipment  and  etch 
car  lot  shall  be  kept  separately. 

Cement  for  which  no  notification  of  acceptance  or  rejectioo 
has  been  received  shall  be  sampled  by  the  engineer  immediatdjr 
upon  its  arrival  at  the  road.  One  sample  shall  be  taken  from  at 
least  every  tenth  barrel  or  from  the  equivalent  of  the  tenth  barrel 
when  packed  in  sacks,  each  sample  will  be  sufficient  to  fill  a  3-indi 
cubical  box  and  each  lot  of  samples  will  be  numbered  consecu- 
tively throughout  the  progress  of  the  work  on  each  contract  and 
shipped  to  Albany  for  test.  Not  more  than  one  car4oad  of 
cement  shall  be  represented  by  one  lot  of  samples. 

These  tests  will  be:  first,  for  fineness;  second,  for  constancy 
of  volume;  third,  for  time  of  initial  set;  foivth,  for  tensile 
strength;  fifth,  for  composition  by  chemical  tests;  sixth,  for 
specific  gravity. 

The  average  results  of  the  tests  of  the  different  samples  shall 
be  the  test  for  tensile  strength  of  any  lot.  With  brands  of  cement 
known  to  be  generally  uniform,  in  order  to  facilitate  the  worko( 
testing,  the  samples  of  car-load  lots  may  be  blended  in  the  laboci- 
tory  and  the  average  results  of  five  briquettes  shall  be  the  test. 

The  results  of  the  tests  may  be  expected  in  twelve  days  after 
shipment  of  samples. 

Cement  of  each  brand  shall  be  required  to  show  uniform  and 
characteristic  results  in  tests. 

Cement  not  satisfactory  to  the  Commission  in  the  seven-day 
tests  will  be  held  awaiting  the  result  of  the  twenty-eight-day  test 
before  acceptance  or  rejection. 

Any  cement  which  has  been  rejected  shall  be  immediately 
removed  at  the  expense  of  the  contractor. 

The  acceptance  or  rejection  will  be  based  on  the  following 
requirements.  1 

SPECIFICATIONS   FOR   PORTLAND    CEMENT 

This  material  shall  be  Portland  cement  meeting  the  following    - 

requirements:  . 

Tensile  Strength.     Briquettes  ol  nt^V  ctTaKuv.  mviA^  three    I 
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>ut  in  the  mold  with  thumbs  and  trowel,  and  kept  at 
tnre  of  65°  to  70**  F.  for  one  day  in  moist  air  and  six 
Iter,  shall  show  an  average  tensile  strength  of  at  least 
ed  (500)  pounds  per  square  inch, 
tes  of  three  parts  by  weight  of  standard  crushed  quartz 

one  part  by  weight  of  cement,  mixed  in  the  same 
(id  kept  seven  days  under  the  same  conditions,  shall 
iverage  tensile  strength  of  at  least  one  hundred  and 
o)  pounds  per  square  inch. 

tes  of  three  parts  by  weight  of  standard  crushed  quartz 
►ne  part  by  weight  of  cement,  mixed  in  the  same  manner 

twenty-eight  days  under  the  same  conditions,  shall 
iverage  tensile  strength  of  at  least  two  hundred  and 

pounds  per  square  inch.     The  separate  samples  shall 
icrease  in  strength  in  the  twenty-cight-day  tests  over 
i  secured  in  the  seven-day  tests. 
cy  of  Volume.     Pats  of  neat  cement  about  3^X4" 

thick  at  the  center,  and  tapering  to  a  thin  edge;  ^all 

moist  air  for  a  period  of  twenty-four  hours. 

Tests:    Air  test.     One  of  these  pats  is  then  kept  in 
normal  temperature  for  twenty-eight  days, 
est.     Another  pat  is  kept  in  water  maintained  as  near 
»ractical  for  twenty-eight  days. 

ited  Test.  A  pat  is  exposed  in  any  convenient  way 
losphere  of  steam,  above  boiling  water,  in  a  loosely 
>el  for  five  hours. 

»ats  are  observed  at  intervals  and,  to  satisfactorily 
equirements,  shall  remain  firm  and  hard  and  show  no 
stortion,  checking,  cracking,  or  disintegration. 

Setting.  Cement  shall  develop  its  initial  set  in  not 
50  minutes,  and  shall  develop  a  hard  set  in  not  less 
ninutes  nor  more  than  600  minutes;  the  determination 
e  with  the  vicat  needle  apparatus  from  pastes  of  normal 
y,  as  follows: 

te  is  molded  upon  glass  in  a  conical  hard  rubber  mood 
;  this  cake  is  set  in  moist  air  and  a  vicat  needle  with 
mm.  in  diameter  and  loaded  to  300  grams  shall  be 
)n  it.     When  the  needle  ceases  to  pass  a  point  5  mm. 

upper  surface  of  the  glass  plate  the  initial  set  has 

e. 

5.  It  shall  be  ground  to  such  fineness  that  not  less 
ir  cent  by  weight  shall  pass  through  a  No.  50  standard 
500  meshes  per  square  inch,  and  not  less  than  92  per 
eight  shall  pass  through  a  No.  100  standard  sieve  of 
shes  per  square  inch. 

Gravity.  The  specific  gravity  of  the  cement  after 
►  a  low  red  heat  shall  not  be  less  than  3.10;  and  the 
ill  not  show  a  loss  in  weight  on  ignition  of  more  than 

il  Tests.     The  Commission  may  caus^  tVtxcAcaX  \r,%v^% 
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or  analyses,  of  cement  to  be  made  and  may  reject  any  cement      . 
which  shows  any  adulteration,  or  excess  of  ingredients,  which 
in  its  judgment  would  be  detrimental  to  the  work. 

The  cement  shall  not  contain  more  than  4  per  cent  of  mag- 
nesia (Idg  O),  nor  more  than  0.75  per  cent  of  anhydrous  sul- 
phuric acid  (5  Oa), 

Sand.  The  standard  sand  used  in  the  tests  shall  be  a  crushed 
quartz  sand  passing  a  Xo.  20  standard  sieve  of  400  meshes  per 
square  inch  and  shall  be  retained  on  a  No.  30  standard  sieve  of 
900  meshes  per  square  inch. 

CAST-IRON  PIPE 

Cast-iron  pipe  shall  be  light  weight  and  may  be  second  quality, 
but  it  shall  be  free  from  all  defects  impairing  its  strength.  The 
iron  must  be  of  good  quality,  uniform  in  thickness  and  of  full 
strength,  and  the  pipe  shall  be  coated  with  coal  pitch  varnish 
mixed  with  linseed  oil  to  form  a  firm,  tough  coating.  The  joint 
shall  be  formed  by  calking  into  the  hub  a  gasket  of  jute  or 
oakum  and  then  filling  with  mortar  formed  of  equal  parts  of 
Portland  cement  and  clean  sharp  sand. 

MESH  REINFORCEMENT 

Mesh  reinforcement  shall  be  placed  where  called  for  on  the 
plans  or  ordered  by  the  engineer.     It  shall  be  of  medium  steel. 

If  expanded  metal  is  used  it  shall  conform  to  the  above  re- 
quirements, and  the  weight  per  square  foot  shall  be  as  shown  on 
the  standard  structure  sheet,  and  any  reinforcement  shaU  be  of 
a  character  that  it  will  distribute  the  loads  evenly. 

DEFORMED   BARS 

Deformed  bars  shall  be  placed  where  called  for  on  the  plans 
or  ordered  by  the  enpineer.  They  shall  be  of  medium  steel 
and  shall  have  a  deformed  cross-section,  that  is,  the  various 
cross-sections  must  be  of  different  shape  or  their  centers  must 
not  lie  in  the  same  axis. 

CAST  IRON 

Cast  iron  shall  be  of  full  standard  pattern  for  shapes  or 
forms  used,  accordingly  to  drawings  or  detailed  specifications. 
All  cast  iron  shall  be  of  good  gray  iron,  free  from  blows,  sand  holes, 
or  other  defects,  and  shall  have  a  tensile  strength  of  not  less 
than  17,000  pounds  per  square  inch  of  section. 

WROUGHT  IRON 

IVrought    iron    shall    be    tough,    fibrous,    and    uniform    io 

quality    and    shall    be    manulactuttd  Vi^    «^W^ovcd  methods. 

Steel   scrap   shall    not   be   used  m  \ls  m^LTiMl^LttQx^.   T\x&[SfiMi 
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il  shall  be  clean,  smooth,  straight,  true  to  shape,  of 
anlike  finbh  and  free  from  defects. 

pieces  cut  from  finished  material  shall  show  an  ultimate 
strength  of  not  less  than  48,000  pounds  per  square  inch, 
tic  limit  of  not  less  than  25,000  pounds  per  square  inch, 

elongation  of  not  less  than  20  per  cent  in  8  inches, 
aght-iron    test  pieces  cut  from  finished   material   when 

when  heated  to  a  bright,  cherry-red,  shall  endure  bending 
grees  around  a  circle  whose  diameter  is  equal  to  twice 
ckness  of  the  test  piece,  without  signs  of  cracking.  Test 
when  nicked  and  broken  shall  show  a  fracture  not  less 
>  per  cent  fibrous,  free  from  coarse,  crystalline  spots, 
ight  iron  when  welded  shall  not  show  signs  of  red  shortness. 

STEEL 

Steel,  except  as  otherwise  provided  by  these  specifications, 
i  made  by  the  acid  or  basic  open-hearth  process  and  shall 
orm  in  character;  finished  material  shall  be  clean,  smooth, 
t,  true  to  shape,  of  workmanlike  finish,  and  free  from  de- 

i^ractures  must  show  a  uniform  fine  grain  of  a  blue,  steel-gray 
itirely  free  from  a  fiery  luster  or  a  blackish  cast. 
No  work  shall  be  put  upon  any  steel  at  or  near  the  blue 
ature  or  between  the  temperature  of  boiling  water  and  of 
ition  of  hardwood  sawdust. 

No  sharp  or  unfilleted  corners  will  be  allowed  in  any  piece 
il. 

Annealing.  Crimped  stiffeners  and  buckled  plates  need 
annealed.  All  other  steel  that  has  been  bent  cold  or 
ly  heated  and  all  forgings  must  be  wholly  annealed;  ex- 
i  may  be  made  in  unimportant  cases  and  then  only  upon 
I  permission  from  the  Commission. 

Tests  of  steel  that  is  to  be  annealed  shall  be  made  after 
ng,  or  strips  cut  from  such  steel  shall  be  annealed  at  the 
ime,  before  testing. 

Tests  of  Medium  Steel.  Test  pieces  cut  from  finished 
il  shall  show  an  ultimate  strength  of  not  less  than  sixty 
nd  (60,000)  pounds  per  square  inch  and  not  more  than 
ight  thousand  (68,000)  pounds  per  square  inch,  an  elastic 
f  not  less  than  thirty-five  thousand  (35,00)  pounds  per 
inch,  an  elongation  of  not  less  than  twenty-two  (22)  per 
eight  (8)  inches,  and  a  reduction  of  area  at  the  fracture 
less  than  forty  (40)  per  cent. 

Medium   steel   shall   not   contain   more   than   five  one- 
dths  (5-100)  of  one  per  cent  of  sulphur. 
Acid  steel  shall  not  contain  more  than  eight  one-hun- 
s  (8-100)  of  one  per  cent,  and  basic  steel  shall  not  contain 
han  four  one-hundredths  (4-100)  of  one  per  cent  of  phos- 

• 

Medium  steel  shall  endure  bending  coVd  01  «\\.w  Q^«iOBtoi|» 


32S  SPKCIFR  ATIONS 

from  a  red  heat  in  water  at  80°  F.,  180°  around  a  circle  whose 
diameter  is  equal  to  the  thickness  of  the  test  piece,  without 
signs  of  cracking. 

(11)  Tests  for  Soft  Steel.  Test  pieces  cut  from  finished 
material  shall  show  an  ultimate  strength  of  not  less  than  fifty 
thousand  (50,000)  pounds  per  square  inch  and  not  more  than 
fifty-eight  thousand  (58,000)  pounds  per  square  inch,  an  elastic 
limit  of  not  less  than  thirty  thousand  (30,000)  pounds  per  square 
inch,  an  elongation  of  not  less  than  twenty-eight  per  cent  in 
eight  inches,  and  a  reduction  in  area  at  the  fracture  of  not  less 
than  fifty  (50)  per  cent. 

(12)  Soft  steel  shall  not  contain  more  than  four  one-hundredths 
(4-100)  of  one  per  cent  of  sulphur. 

(13)  Acid  steel  shall  not  contain  more  than  six  one-hundredths 
(6-100)  of  one  per  cent,  and  basic  steel  shall  not  contain  more 
than  four  one-hundredths  (4-100)  of  one  per  cent  of  phosphorus. 

(14)  Soft  steel  shall  endure  bending  flat  upon  itself  without 
signs  of  cracking,  when  cold,  or  after  quenching,  from  a  red 
heat,  in  water  at  eighty  (80)  degrees  F. 

VITRIFIED  PIPE 

Vitrified  pipe  shall  be  double  strength  salt-glazed  vitrified 
stoneware  sewer  pipe  of  the  first  quality.  The  item  will  include 
the  furnishing,  delivering,  handling,  laying,  and  cementing  of 
joints;  also  the  operations  of  excavating  the  trench,  bracing, 
sheeting,  or  otherwise  supporting  the  sides,  grading  and  pre- 
paring the  bottom,  back-filling  and  compacting  to  the  original 
surface,  and  the  removal  of  all  surplus  material. 

POROUS  TILE 

Where  called  for  on  the  plans,  or  ordered  by  the  engineer, 
porous  tile  shall  be  laid  true  to  line  and  grade,  and  firmly  bedded 
in  clean  cinders,  gravel,  or  crushed  stone.  The  tile  must  be 
whole  and  free  from  cracks  and  other  defects,  and  must  be 
satisfactory  to  the  engineer. 

TIMBER 

(Washington  State  Specifications) 

Quality  of  Timber  and  Plank.  All  timber  and  plank  in  cul- 
verts, trestle  work,  bridge  abutments,  and  pile  bridges  shall  be 
of  good  quality,  of  such  kinds  as  the  highway  commissioner  may 
direct,  free  from  shakes,  wanes,  black  and  unsound  knots,  and 
all  descriptions  of  decay,  and  shall  be  measured  by  the  thou-  | 
sand  feet,  board  measure;  the  price  shall  be  understood  to 
cover  the  expense  of  all  labor  (including  all  necessary  digging 
and  filVing  at  the  ends  of  bridges  where  grading  is  done  before 

bridges  are  put  in)  and  materials,  pins,  or  treenails  required  in 

iAe  performance  of  the  work. 


^^^A^f 
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All  timber  structures  shall  be  built  in  conformity  with  plans 
to  be  furnished  by  the  engineer. 

Piles  and  Pile-driving.  Piles,  whether  used  in  foundations, 
trestle  work,  or  pile  bridges,  shall  be  of  good,  sound  quality  of 
such  timber  as  the  highway  commissioner  may  accept,  not  less 
than  ten  inches  in  diameter  at  the  smaller  end  and  of  such 
lengths  as  the  engineer  may  require.  They  shall  be  measured 
by  the  lineal  foot  after  they  are  driven  and  cut  ofiF  to  receive 
the  superstructure,  and  the  price  per  lineal  foot  shall  be  under- 
stood to  cover  the  expense  of  driving,  cutting  off,  removing  the 
bark  from  the  part  above  the  ground,  and  all  other  labor  and 
material  required  in  the  performance  of  the  work;  but  that 
portion  of  each  pile  cut  off  shall  be  estimated  and  paid  for  by 
the  lineal  foot  as  "  piling  cut  off."  Piles  shall  be  driven  of  such 
lengths  and  to  such  depths  as  the  engineer  may  require.  AH 
piles  shall  be  capped  during  the  driving  to  prevent  brooming. 

CLEARING  Ain>  GRUBBING 

Clearing.     The  right-of-way  must  be  cleared  to  the  width  of 

feet  on  each  side  of  the  center  line,  or  as  shall  be  designated 

by  the  engineer;  all  trees,  brush,  and  other  vegetable  matter 
within  the  space  designated  to  be  cut  down,  and  the  same  to- 
gether with  all  other  logs,  brushwood,  and  fences  already  down, 
shall  be  burned  or  removed  from  the  grounds,  as  the  engineer 
may  direct,  so  as  not  to  injure  the  adjoining  lands  or  to  obstruct 
the  line  of  the  fences  along  the  boundaries  of  the  said  right-of-way. 
When  the  embankments  exceed  two  feet  in  height  it  will  be 
required  to  cut  the  trees,  brush,  and  stumps  close  to  the  ground. 

Light  clearing  shall  include  the  removal  of  all  standing  trees 
of  a  size  up  to  one  foot  in  diameter,  together  with  all  other  logs, 
brush,  and  other  vegetable  matter  already  down  or  lying  loose 
on  the  ground. 

Heavy  clearing  shall  include  the  removal  of  all  standing  trees 
over  one  foot  in  diameter,  together  with  all  other  logs,  brush,  and 
other  vegetable  matter  already  down  or  lying  loose  on  the  ground. 

Grubbing.  From  the  space  required  for  the  roadbed  and 
necessary  slopes  and  side  drains,  and  whatever  additional  space 
may  be  required  by  the  engineer,  except  where  the  excavations 
are  three  feet  or  more  in  depth,  or  embankments  two  feet  or 
more  in  height,  all  stumps  and  other  wood  or  vegetable  matter 
embedded  in  the  ground  shall  be  grubbed  up,  and  removed  or 
disposed  of  as  the  engineer  may  direct,  and  only  the  area  so 
grubbed  shall  be  estimated. 

EXCAVATION 

Under  the  head  of  excavation  shall  be  included  all  excavations 
required  for  the  formation  of  the  roadbed,  the  digging  of  all 
ditches,  cutting  new  channels  for  streams,  pTt\>^T\xv%V^>\xv.^^NAQk^^ 
the  ahering  of  all  highway  or  private  loaid^  ^.t^^  ^^  ^t.^^nt^vw^^'s, 
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in  any  way  connected  with  or  incidental  to  the  construction  of 
the  road,  and  the  expense  of  hauling  and  depositing  same  in 
embankments  wherever  required. 

Emhankments.  Under  the  head  of  embankments  shall  be 
included  all  embankments  for  any  of  the  purposes  mentioned  not 
formed  from  excavations  taken  from  the  prism  of  the  road  or 
other  necessary  excavations. 

All  grading  shall  be  done  and  estimated  by  the  cubic  >'ard, 
measured  in  the  excavation,  except  material  borrowed  for  em- 
bankment, which  shall  be  measured  in  embankment,  and  shall 
be  comprised  under  heads,  viz. : 

Earth,  Hard-pan,  Loose  Rock,  Solid  Rock,  Shell  Rock,  and 
Solid  Rock  Borrow. 

Earth.  Earth  will  include  clay,  sand,  loam,  gravel,  and  all 
hard  material  that  can,  in  the  opinion  of  the  chief  engineer,  be 
reasonably  plowed,  and  all  earthy  matter  or  earth  containing 
loose  stones  or  boulders  intermixed,  and  all  other  material  that 
does  not  come  under  the  classification  of  hard-pan,  loose  rock, 
solid  rock,  shell  rock,  and  solid  rock  borrow. 

Hard-pan.  Hard-pan  ^^-ill  include  material,  not  loose  or  solid 
rock,  that  cannot,  in  the  opinion  of  the  chief  engineer,  be 
reasonably  plowed  on  account  of  its  own  inherent  hardness. 

Loose  Rock.  Loose  rock  will  include  all  stone  and  detached 
rock,  found  in  separate  masses,  containing  not  less  than  one 
cubic  foot,  nor  more  than  one-half  cubic  \'ard,  and  all  slate  or 
other  rock,  soft  or  loose  enough  to  be  removed  without  blasting, 
although  blasting  may  occasionally  be  resorted  to. 

Solid  Rock.  Solid'  rock  will  include  all  rock  in  place,  and 
boulders  measuring  one-half  cubic  yard  and  upwards,  in  re- 
moving which  it  is  necessary  to  resort  to  drilling  and  blasting. 

Shell-rock  Excavation.  Shell-rock  excavation  will  include  all 
deposits  composed  entirely  of  rock  in  masses  of  less  than  one 
cubic  foot  which  have  broken  off  from  the  cliffs  above  the  road- 
bed, but  will  only  be  estimated  when  in  large  deposits. 

Solid  Rock  Borrow.  Solid  rock  borrow  shall  consist  of  solid 
rock,  according  to  above  classification,  excavated  outside  of  the 
regular  cross-sections  of  the  cuts  for  the  roadbed,  and  placed 
and  measured  in  embankment. 

EXCAVATION 

(New  York  State  Specifications,  19 ii) 

Excavation  will  include  the  grading  of  the  roadway,  ditches, 
and  side  sloi>es  the  entire  length  of  the  highway  to  conform  to 
the  width,  lines,  and  grades  shown  on  the  plans  or  as  fixed  from 
time  to  time  by  the  Commission,  also  the  digging  of  foundation 
pits  for  all  structures,  the  cleaning  out  of  waterways  and  old 
culverts,  the  digging  of  all  necessary  outlet  ditches,  and  the  grad- 
ing  of  all  highway  intersections.  Uiiless  such  work  is  ordered 
by  the  Commission  in  writing,  no  aWoviaiivce  wKl  \i^  tgaA^  (or 
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ztra  excavation  beyond  or  below  the  widths,  lines,  and  grades 
hown  on  the  plans  or  as  fixed  by  the  Commission.  All  ditches 
aust  be  dug  before  any  rolling  will  be  allowed. 

All  muck,  quicksand,  soft  clay,  and  spongy  material  which 
rill  not  consolidate  under  the  roller  shall  be  removed  to  a  depth 
o  be  determined  by  the  engineer,  and  the  space  thus  made  shall 
»e  filled  with  such  material  as  the  engineer  may  direct. 

The  term  "  rock  "  as  used  in  these  specifications  will  be  inter- 
preted to  mean  ledge  rock  or  boulders  of  more  than  six  cubic 
eet  volume.  Boulders  of  less  than  six  cubic  feet  volume,  and  soft 
ir  disintegrated  rock  which  can  be  removed  with  a  pick  and 
hovel,  will  not  be  classified  or  paid  for  as  rock. 

The  contractor  shall  excavate  such  drainage  ditches  as  the 
ngineer  may  direct. 

Such  excavated  material  as  may  be  fit  for  the  purpose  and  as 
nay  be  necessary  shall  be  used  to  fill  in  those  parts  of  the 
oadway  which  are  below  the  aforesaid  grades,  or  which  have 
>ecome  so  by  the  removal  of  rock  or  improper  material,  in  the 
nanner  hereinafter  provided;  and  the  item  of  excavation  is  to 
nclude  the  proper  placing  of  such  excavated  material  as  filling 
n  embankment,  and  the  removal  from  the  work  of  all  such  as  is 
lot  so  utilized.  When  the  excavated  material  fit  for  filling  is 
nsufficient  in  quantity  to  regulate  the  road,  the  contractor 
»hall  obtain  from  borrow  pits,  or  other  sources  approved  by  the 
mgineer,  all  additional  material  necessary,  and  place  it  where 
-equired.  If  the  haul  on  any  material  required  for  embank- 
nent  exceeds  2,000  feet  it  will  be  classified  as  overhaul;  and 
payment  shall  be  based  on  a  rate  per  cubic  yard  for  each  one 
lundred  (100)  linear  feet  greater  than  two  thousand  (2,000)  feet 
.hat  the  material  is  so  hauled. 

Back-filling  for  culverts,  concrete  retaining  walls,  and  rein- 
'orced  concrete  retaining  walls  will  be  classified  as  excavation. 

All  surplus  excavation  and  waste  material  shall  be  used  to 
uviden  embankments,  or  flatten  side  slopes;  or  it  shall  be  de- 
[>osited  in  such  other  places  and  for  such  purposes  as  the  engineer 
may  direct. 

The  contractor  will  not  be  allowed  to  put  on  the  margin  of 
the  road,  in  unsightly  piles,  rock  or  boulders  excavated  in  excess 
9f  what  can  be  used  in  embankment.  Such  excavation  should 
be  placed  where  directed  by  the  engineer. 

All  finished  surfaces  and  slopes  shall  be  trimmed  and  left  in  a 
neat  condition  in  conformity  to  the  lines  and  in  accordance  with 
the  directions  given  by  the  engineer. 

For  the  purpose  of  ascertaining  additions  or  deductions  the 
volume  of  all  excavated  material  which  will  enter  into  the  final 
computation  of  the  quantities  will  be  that  occupied  by  it  before 
its  removal,  and  will  be  determined  by  measurements  taken 
before  and  after  its  removal.  The  maximum  limits  of  such 
volume  must  not  exceed  those  defined  upon  the  plans  or  fixed 
by  the  Commission. 
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Where  the  preliminary  quantities  would  indicate  that  the 
material  to  be  excavated,  fit  for  filling,  is  insufiicient  to  form 
embankments,  the  excavation  shall  all  be  made  for  a  distance 
of  4,000  lineal  feet  on  either  side  of  the  place  where  the  de- 
ficiency appears  to  occur.  Such  excavated  material  shall  be 
placed  in  the  embankments  before  borrowing  will  be  authorized. 
After  the  excavation  has  been  made  as  aforesaid,  and  the  material 
obtained  therefrom  which  is  suitable  placed  in  the  embankment, 
and  a  deficiency  still  remains,  then  excavation  from  borrow  pits 
will  be  authorized,  measured,  and  included  in  the  final  computa- 
tion of  this  item.  No  allowance  will,  however,  be  made  for 
borrowed  material  when  there  is  an  equivalent  waste  of  the 
excavated  material  from  the  roadbed  within  4,000  lineal  feet  of 
the  place  of  deposit.  Where  borrow  pits  are  authorized  by 
the  engineer  within  the  limits  of  the  roadway,  the  same  will  be 
staked  out  by  the  engineer,  and  must  be  dressed  up  on  completion 
to  a  uniform  width,  grade,  and  slope  of  banks  similar  to  that 
required  for  the  standard  section  of  the  roadway. 

FiUiiig  or  Embankment.  Embankment  shall  be  formed  of 
earth  or  other  materials  satisfactory  to  the  engineer  and  must  be 
free  from  vegetable  matter  or  refuse  of  any  kind.  If  formed  of 
stone,  as  may  be  the  case  where  material  from  rock  cut  is  used, 
it  shall  be  carefully  placed  and  all  spaces  completely  filled  with 
sand,  earth,  or  gravel  so  as  to  form  a  solid  embankment;  the 
stone  shall  not  be  placed  nearer  than  six  inches  to  the  bottom 
course  or  surface  of  shoulders. 

Where  the  filling  required  is  less  than  two  feet  in  depth  the 
old  surface  shall  be  broken  up  and  all  sod  and  vegetable  matter 
removed  from  the  area  included  between  two  parallel  lines, 
two  feet  outside  of  the  edge  of  the  pavement,  on  each  side. 
Where  the  angle  of  the  slope  of  the  original  surface,  measured 
p?rpendicular  to  the  center  line,  is  greater  than  30  degrees  from  the 
horizontal,  the  original  surface  shall  be  thoroughly  broken  up  for 
the  entire  width  of  the  embankment.  No  sod  will  be  allowed  to 
be  placed  in  embankments  nearer  than  four  feet  from  the  edge 
of  the  pavement. 

Embankment  shall  be  constructed  in  successive  horizontal 
layers  not  exceeding  twelve  inches  in  thickness.  Each  layer 
shall  extend  across  the  entire  fill,  and  shall  be  flooded  with  water 
when  so  directed,  and  rolled  to  the  satisfaction  of  the  engineer. 
All  side  slopes  shall  be  built  as  shown  on  the  plans,  unless  modi- 
fied in  writing  by  the  division  engineer. 

PREPARING  SUBGRADE 

.\fter  the  surface  of  the  subgrade  has  been  properly  shaped, 
and  before  any  broken  stone  or  other  material  is  put  on,  it  shall 
be  thoroughly  rolled  and  compacted,  water  puddling  being  re- 
sorted to  in  case  the  soil  requires  it.     This  rolling  shall  be  done 
with  a  scIf-propeUed  roller  weighing  approximately  ten  tons.     The 
roller  must   be   of  a   type  approved  \iv  \\vt  Commission.     All 
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hollows  and  depressions  which  develop  during  the  rolling  shall 
be  filled  with  material  acceptable  to  the  engineer  and  the  sub- 
grade  shall  again  be  rolled.  This  process  of  filling  and  rolling 
shall  be  repeated  until  no  depressions  develop.  The  shoulders 
also  shall  be  rolled  in  the  same  manner,  but  in  places  where  the 
character  of  the  material  makes  the  use  of  a  ten-ton  roller  im- 
practicable, the  division  engineer  may  permit  a  lighter  roller 
to  be  used. 

SUB-BASE  COURSE 

Wherever  soft  clay,  silt,  quicksand,  or  other  unstable  material 
is  encountered  in  forming  the  subgrade,  the  same  shall  be  formed 
to  the  shape  indicated  by  the  engineer  at  a  depth  below  the 
base  of  the  macadam  to  allow  for  the  placing  of  a  sub-base  course 

of as  a  foundation  upon  which  to  construct  the 

bottom  course. 

Under  no  circumstances  shall  sub-base  course  be  placed  on 
any  subgrade  which  is  not  dry.* 

Where  field  or  quarry  stone  is  used  to  form  sub-base  course, 
the  fragments  shall  be  roughly  placed  by  hand  in  order  to  bring 
the  same  in  as  close  contact  as  possible,  and  to  provide  the  least 
amount  of  voids. 

The  sub-base  course  shall  then  be  rolled  as  described  for  the 
bottom  course  of  macadam,  and  thereafter  covered  with  two 
inches  of  gravel  or  stone  chips  and  again  rolled  until  the  stone 
are  bound  together  and  do  not  weave  ahead  of  the  roller,  and 
hollows  or  depressions  found  in  rolling  shall  be  filled  with  gravel 
or  stone  chips  and  the  surface  made  to  conform  with  the  typical 
section  shown  on  the  plans. 

In  limited  areas  where  the  use  of  a  roller  would  be  impracticable 
heavy  rammers  may  be  used  to  properly  consolidate  the  sub-base. 

Where  gravel  or  tailings  from  the  crusher  are  used  for  forming 
a  sub-base  course  the  same  shall  be  rolled  and  treated  in  a  similar 
manner. 

The  location  of  the  sub-base  will  be  as  shown  on  the  plans  or 
indicated  by  the  division  engineer  in  writing. 

The  bottom  course  shall  not  be  placed  on  any  subgrade  until 
the  subgrade  has  been  accepted  by  the  engineer. 

The  item  of  sub-base  will  include  the  material,  placing  same, 
filling,  rolling,  and  all  necessary  work  connected  therewith. 

SUB-BASE  BOTTOM   COURSE 

After  the  subgrade  has  been  prepared  and  has  been  accepted 
by  the  engineer,  a  layer  of  any  approved  quality  of  field  stone, 
quarry  stone,  or  clean  stone  from  stream  channels  shall  then  be 
spread  upon  the  subgrade  to  such  a  depth  that  it  shall  have 
when  thoroughly  consolidated  the  required  thickness. 

The  stone  shall  be  roughly  placed  by  hand,  with  the  larg.ec 

1  See  page  288,  ConslTUcXAOTv. 
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stone  in  the  center  of  the  course.  It  shall  then  be  rolled  w 
ten-ton  roller,  after  which  any  projecting,  bridged,  or  loose  ! 
shall  be  broken  by  hand.  A  filler  of  approved  clean  gr 
stone  chips,  or  crushed  stone  of  sufficient  quantity  to  compl 
fill  all  voids  and  depressions  shall  then  be  spread,  after  n 
the  rolling  shall  continue  until  the  entire  course  is  thorov 
consolidated,  and  conforms  with  the  typical  section  showi 
the  plans. 

When  called  for  on  the  plans,  or  ordered  by  the  engii 
lateral  drains  of  loose  stone  shall  be  constructed  every  loo 
on  each  side  and  staggered,  draining  into  ditches. 

No  top  course  shall  be  placed  on  sub-base  bottom  c< 
until  the  sub-base  bottom  course  has  been  accepted  by  th( 
gineer. 

The  item  of  sub-base  bottom  course  will  include  the  si 
filler,  manipulation,  and  all  necessary  work  connected  therei 
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After  the  subgrade  has  been  prepared  and  has  been  acce 
by  the  engineer,  a  layer  of  broken  stone  of  the  approved 
and  quality  for  bottom  course  shall  be  spread  evenly  over 
such  depth  that  it  shall  have,  when  rolled,  the  required  tl 
ness.*  The  depth  of  the  loose  stone  shall  be  gauged  by  la 
upon  the  subgrade  cubical  blocks  of  wood  of  the  proper  size 
spreading  the  stone  evenly  to  conform  to  them.. 

The  roller  shall  be  run  along  the  edge  of  the  stone  back\ 
and  forward  several  times  on  each  side  before  rolling  the  cei 
Before  putting  on  the  filler  the  course  shall  be  rolled  until 
stone  does  not  creep  or  weave  ahead  of  the  roller.  In  no 
shall  the  screenings  or  sand  for  filler  be  dumped  in  mass  i 
the  crushed  stone,  but  they  shall  be  spread  uniformly  over 
surface  from  wagons  or  from  piles  that  have  been  placed  on 
shoulders.  It  shall  then  be  swept  in  with  a  rattan  or  steel  br 
and  rolled  dry.  This  process  shall  be  continued  until  no  x 
will  go  in  dry,  when  the  surface  shall,  if  required  by  the  ehgii 
be  sprinkled  to  more  effectually  fill  the  voids.  No  filler  sha' 
left  on  the  surface,  and  surface  of  bottom-course  stone  shal 
swept  clean  before  covering  with  top  course.  Only  such  t€ 
ing  as  is  necessary  for  the  distributing  of  the  materials  wil 
allowed  on  the  bottom  course.  .Any  irregularities  or  depressi 
the  result  of  settlement,  rolling,  or  teaming,  if  slight,  shal 
made  good  with  broken  stone  of  the  same  size  used  in  the  bot 
course,  otherwise  the  stone  shall  be  removed  and  the  subg 
regraded  and  rolled.  Such  removal  and  restoring  of  the  sui 
shall  be  made  at  the  expense  of  the  contractor.  Screenings  j 
not  he  used  in  leveling  up  irregularities  or  depressions. 

'  It  is  better  to  specify  the  amount  oi  slont  bv  ''Jt^i.VA;  Ihft  approximate  rat 
bose  to  rolled  depths  are  given  on  page  aj^- 
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SCREENED  GRAVEL  BOTTOM  COURSE 

avel  shall  be  used  for  bottom  course  in  place  of  stone  when 
eclfied.  The  size  of  the  gravel  shall  be  tne  same  as  specified 
one,  and  the  work  of  preparing  and  rolling  the  gravel  bottom 
»e  shall  be  the  same  as  for  the  stone-bottom  course,  except 
if  necessary  to  properly  consolidate  the  gravel,  5  per  cent 
y,  pulverized  loam  or  clay  may  be  incorporated  with  the 
:1  if  ordered  by  the  division  engineer,  and  the  course 
kled  if  necessary  for  proper  consolidation. 

SUBGRADE  AS  BOTTOM  COURSE 

•  be  used  only  when  subgrade  is  of  gravel  which  may  be 
iently  compacted,  as  described  below,  to  render  unnecessary 
tom  course. 

le  roadbed  shall  be  shaped  to  conform,  when  compacted, 
the  top  of  the  bottom  course  as  shown  on  the  plans.  When- 
gravel  is  encountered  which  is  free  from  loam  or  clay  one-half 
in  depth  of  clean,  dry  loam,  dust,  or  clay  thoroughly  pul- 
ed, shall  be  added  to  the  graded  and  shaped  roadbed  and 
mghly  mixed  with  the  top  three  inches  of  gravel,  after  which 
ill  be  sprinkled  and  rolled  with  a  self-propelled  road-roller 
iing  at  least  ten  tons,  until  additional  rolling  ceases  to 
er  compact  the  roadbed.  Any  irregularities  or  depressions 
esult  of  settlement  or  rolling,  if  slight,  shall  be  made  good 
gravel  thoroughly  mixed  with  10  per  cent  of  dry  pul- 
ed clean  loam  or  clay  and  rolled. 

TOP  COURSES 

>ne  Macadam  Top  Course  —  Puddled.  The  top  course  of 
I  shall  be  spread  on  the  bottom  course  to  such  depth  that  it 

have,  when  completed,  the  required  thickness.'  Blocks 
)od  of  proper  size  shall  be  used  to  gauge  the  depth  of  the 

stone;  care  must  be  taken  to  preserve  the  grade  and  crown, 
to  prevent  a  wavy  surface;  and  all  irregularities  and  de- 
ions  shall  be  made  up  with  stone  the  size  of  the  top  course 
I.  After  the  surface  is  true  to  line,  grade,  and  cross-section 
rolled  until  the  stone  ceases  to  wave  in  front  of  the  roller, 
ill  be  covered  with  a  light  coating  of  screenings,  spread  on 
rolled  and  swept  in.  The  spreading,  sweeping,  and  rolling 
screenings  shall  continue  until  no  more  will  go  in  dry,  after 
h  the  road  shall  be  sprinkled  until  saturated,  the  sprinkler 
J  followed  by  the  roller.  More  screening  shall  be  added 
cessary.  and  the  sweeping,  sprinkling,  and  rolling  shall 
nue  until  a  grout  has  been  formed  of  the  screenings,  stone 
and  water  that  shall  fill  all  voids  and  shall  form  a  wave  before 
'heels  of  the  roller.  The  road  shall  be  puddled  as  many  times 
ly  be  necessary  to  secure  satisfactor>''  results. 

b  better  to  specify  the  amount  of  stone  by  ^i»t\g,Yv\,\  \\s(e  «l>ao  Q^VJ«w.  va  T^i^^^ 
^vea  on  page  234. 
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After  the  wave  of  grout  has  been  produced  over  the  wh 
tion  of  the  road  this  portion  of  the  road  shall  be  left 
after  which  it  shall  be  opened  to  travel,  and  thereafter  s 
thoroughly  sprinkled  once  each  day  in  dry  weather  for  a  p 
thirty  days.  Enough  screenings  shall  be  spread  on  top 
macadam  to  leave  a  wearing  surface  at  least  three-eig] 
an  inch  thick.  This  wearing  surface  shall  be  maintained  and  i 
if  necessary  until  the  whole  road  has  been  accepted. 

Stone  Macadam  Top  Cotirse  —  Puddled  and  Oiled 
course  for  oiled  macadam  shall  be  constructed  as  for  p 
macadam.  After  the  road  has  been  puddled  as  stated  a 
surface  has  become  dry,  it  shall  be  swept  so  as  to  expc 
clean  the  surface  of  the  top  course  of  stone.  The  sweepio 
continue  until  the  voids  are  exposed  to  a  depth  of  one-ha 
care  being  taken  not  to  disturb  the  stone.  The  road 
shall  then  be  left  free  from  traffic  until  the  top  course  ha 
oughly  dried  out,  when  it  shall  be  swept  free  from  dust  a 
voids  cleaned  to  the  depth  of  one-half  inch  without  disi 
the  top  course  stone,  after  which  bituminous  material  H.  ( 
be  evenly  applied  to  the  road  surface  at  a  temperature  of  n< 
than  400**  F.  or  less  than  300**  F.  The  amount  of  oil 
applied  shall  be  0.5  gallon  for  each  square  yard,  and  tb 
perature  of  the  air  when  application  is  made  shall  not  b< 
than  70**  F.  Immediately  after  the  application  of  the  oil, 
quarters  of  an  inch  in  depth,  of  perfectly  dry  topM:ourse 
ings,  free  from  dust,  shall  be  evenly  spread  over  the  road 
and  rolled  in  with  a  self-propelled  road-roller  until  an  abs 
firm  and  smooth  surface  results,  conforming  with  the  p 
longitudinal  and  transverse  section.  The  roadway  sha 
be  evenly  covered  with  one-quarter  of  an  inch  in  depth  o 
screenings  and  thrown  open  for  traffic. 

When  a  machine  is  used  in  applying  this  oil  it  must 
such  construction  that  the  amount  to  be  applied  may  be  re| 
and  spread  on  the  road  in  a  thin  uniform  sheet. 

Stone  Macadam  Top  Course — Bituminous  Binder — G 

'Xo.  2  stone  shall  be  evenly  spread  upon  the  bottom 

ui^ing  three-quarters  of  a  cubic  foot,  loose  measure,  fc 

square  yard  of  surface.  Next  there  shall  be  evenly  spread  1 

3  stone  (care  being  taken  not  to  disturb  the  No.  2  stone)  t 

a  depth  that  the  whole  course  shall  have,  when  complet 

required  thickness.     Blocks  of  wood  of  proper  size  shall  1 

to  gauge  the  depth  of  the  loose  stone.*     Care  must  be  ta 

preserve  the  grade  and  crown  and  prevent  a  wavy  surfac 

wherever    irregularities   or   depressions   occur,    the    top 

must  be  loosened  up  and  the  No.  3  stone  added  to  take  oi 

irregularities  and  depressions. 

1  The  author's  experience  has  indicated  that  there  is  no  necessity  for  this 
No.  2  stone,  provided  the  excess  tiller  is  broomed  ofiF  the  bottom  course.    < 
plification  of  method  results  in  a  lower  cost. 
'It  /.s  btiicT  to  specify  the  amount  of  stone  by  weight. 
Note.    BitumiDous  material  ^A)  sV\ou\d  tvD\.\«  «*.v^tA'w\sKo.tJbc  air  ten 
is  less  than  50*  ¥.,  and  the  atone  must  be  pexVecWv  &>J. 
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The  course  shall  be  rolled  with  a  self-propelled  roller  weighing 
at  least  ten  tons,  until  the  surface  is  firm  and  compact;  after 
which  one  and  one-quarter  gallons  of  bituminous  material  A^ 
heated  to  a  temperature  of  400**  F.,  shall  be  evenly  spread  ovei 
each  square  yard  of  surface  by  the  use  of  fan-spout  sprinkling  pots. 
Immediately  thereafter,  one-half  of  a  cubic  foot  of  No.  2  stone, 
per  square  yard,  shall  be  evenly  spread  upon  the  surface  to  fill 
the  voids,  and  rolled  until  no  more  can  be  forced  into  the  course. 
All  loose  material  shall  then  be  swept  ofiF.  Next  four- tenths  of 
a  gallon  of  the  bituminous  material,  heated  to  a  temperature  of 
400*  F.,  shall  be  evenly  spread  over  each  square  yard  of  surface; 
upon  this  shall  immediately  be  spread  three-eighths  of  a  cubic 
foot  of  dry  dustless  screenings  for  each  square  yard  of  surface, 
and  the  rolling  be  continued  until  a  firm,  smooth  surface  results, 
conforming  with  the  plans  in  longitudinal  and  transverse  sec- 
tion. This  wearing  surface  shall  be  maintained  and  renewed, 
if  necessary,  until  the  entire  work  has  been  accepted,  except  that 
the  screenings  used  in  renewing  the  wearing  course  need  not  be 
dustless,  and  if  more  than  one  renewal  is  required  stone  dust 
will  be  permitted  for  subsequent  renewals. 

For  additions  or  deductions  the  unit  of  measure  for  bituminous 
material  will  be  the  gallon  measured  at  a  temperature  of  60*^  F. 

STONE  MACADAM  TOP  COURSE  —  BITUMINOUS 

BINDER  — MIXED 

Upon  the  bottom  course  there  shall  be  deposited  a  top  course 
which  shall  have,  when  completed,  the  required  thickness. 
This  course  shall  be  composed  of  top-course  stone  (65  per  cent 
of  No.  3  size,  25  per  cent  of  No.  2  size,  and  10  per  cent  of  dry 
dustless  screenings)  mixed  with  bituminous  material  in  the  pro- 
portion of  one  cubic  yard  of  stone,  measured  loose,  to  fourteen 
gallons  of  bituminous  material  A,  measured  at  a  temperature  of 
400"  F. 

The  top-course  stone  shall  be  warm  and  dry,  and  the  bituminous 
material  shall  be  heated  to  a  temperature  of  400®  F.  when  added 
to  the  stone.  The  material  shall  be  mixed  until  the  stone  is 
thoroughly  and  evenly  coated.  The  mixing  shall  be  done  either 
by  hand,  on  water-tight  mixing  board  or  by  mechanical  mixer 
of  an  approved  type,  after  which  the  material  shall,  while  hot 
(250°  F.),  be  spread  upon  the  bottom  course  by  the  use  of  shovels 
and  raked  to  a  uniform  surface,  and  in  no  case  shall  any  of  the 
material  be  dumped  in  mass  upon  the  bottom  course,  either 
from  wheelbarrows  or  wagons.  Blocks  of  wood  of  proper  size 
shall  be  used  to  gauge  the  depth  of  the  loose  material,  care  being 
taken  to  preserve  the  grade  and  crown;  also  to  prevent  a  wavy 
surface.  One-quarter  of  a  cubic  foot  of  dry  dustless  screenings 
shall  then  be  evenly  spread  over  each  square  yard  of  surface. 
The  course  shall  then  be  rolled  with  a  self-propelled  roller  ci(.  wc^v 
less  than  five  tons*  weight  until  firm  aitvd  ?»tcvc>o\N\  ^tv^  tv^  xsv«i.\^  ^ 
the  screenings  can  be  forced  in.   AW  \oose  m2A.^x\«\  ^vC^  'Okv^xvX^^ 
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swqpt  o£f  and  four-tenths  of  a  gallon  of  the  specified  1 
material  heated  to  a  temperature  of  400°  F.  shall  be  evi 
over  each  square  yard  of  surface,  by  the  use  of  fan-sp^ 
ling  pots;  immediately  thereafter  shall  be  spread  one 
foot  of  dry,  dustless  screenings,  over  each  square  yard 
and  the  course  rerolled  until  a  firm  and  smooth  surfs 
conforming  with  the  plans  in  longitudinal  and  transvei 
This  wearing  surface  shall  be  maintained  and  renewe* 
sary,  until  the  entire  work  shall  have  been  accepted,  c 
screenings  used  in  renewing  the  wearing  course  need  n* 
less,  and  if  more  than  one  renewal  is  required  stone  d 
permitted  for  subsequent  renewals. 

For  additions  or  deductions  the  unit  of  measure  fo 
minous  material  will  be  the  gallon  measured  at  a  tem] 
60**  F.  and  for  the  stone  the  cubic  yard  measured  loos< 

*  SCREENED   GRAVEL  TOP  COURSE —  BITUl 

BINDER  —  GROUTED 

No.  2  gravel  shall  be  evenly  spread  upon  the  bottc 
using  three-quarters  of  a  cubic  foot,  loose  measure, 
square  yard  of  surface.  Next  there  shall  be  evenly  « 
No.  3  gravel  (care  being  taken  not  to  disturb  the  No. 
to  such  a  depth  that  the  whole  course  shall  have,  v 
pleted,  the  required  thickness.  Blocks  of  wood  of  p 
shall  be  used  to  gauge  the  depth  of  the  loose  mater 
must  be  taken  to  preserve  the  grade  and  crown  and 
wavy  surface. 

One  and  one-quarter  gallons  of  bituminous  material 
to  a  temperature  of  400*^  F.,  shall  then  be  evenly  spread 
square  yard  of  surface  by  the  use  of  fan-spout  sprint 
Immediately  thereafter,  one-half  of  a  cubic  foot  of  No 
per  square  yard,  shall  be  evenly  spread  upon  the  sur 
the  voids,  and  be  rolled  with  a  self-propelled  roller  w 
least  ten  tons,  until  the  surface  is  firm  and  compact  an 
can  be  forced  into  the  course.  All  loose  material  sha 
swept  off,  and  wherever  irregularities  or  depressions 
top  course  must  be  loosened  up  and  No.  3  gravel,  and 
amount  of  bituminous  material  A  added  to  take  out  si 
lurities  and  depressions.  Next  four-tenths  of  a  gall 
bituminous  material,  heated  to  a  temperature  of  40c 
be  evenly  spread  over  each  square  yard  of  surface; 
shall  immediately  be  spread  three-eighths  of  a  cubic  f< 
dustless  gravel  screenings  for  each  square  yard  of  su 
the  rolling  be  continued  until  a  firm,  smooth  surfa< 
conforming  with  the  plans  in  longitudinal  and  trans 
tions.  This  wearing  surface  shall  be  maintained  and  r 
necessary,  until  the  entire  work  has  been  accepted,  e: 
the  screenings  used  in  renewm^  xVie  >Kcating  course  nc 

*NoTE.—  Gravd  Bituminous  MacadktQ&>MLV*T«^.\s««iiB^>aa8L*K.\w' 
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dustless,  and  if  more  than  one  renewal  is  required,  dust  or  sand 
will  be  permitted  for  subsequent  renewals. 

For  additions  or  deductions  the  unit  of  measure  for  the  bitu- 
minous material  will  be  the  gallon  measured  at  a  temperature  of 
of  60"  F. 

SCRBENED   GRAVEL  TOP  COURSE  —  BrrUMINOUS 

BINDER  —  MIXED 

Upon  the  bottom  course  there  shall  be  deposited  a  top  course 
whidi  shall  be  three  inches  thick  when  completed.  It  shall  be 
composed  of  top-course  gravel  (65  per  cent  of  No.  3  size,  25 
per  cent  of  No.  2  size,  and  10  per  cent  of  dry  gravel  screenings 
free  from  dust)  mixed  with  bituminous  material  in  the  propor- 
tion of  one  cubic  yard  of  gravel,  measured  loose,  to  seventeen 
gallons  of  bituminous  material  A  measured  at  a  temperature  of 
400*  F. 

The  division  engineer  may  authorize  a  slight  variation  in 
the  proportion  of  the  classes  of  gravel  in  order  to  better  fill  the 
voids.  The  top-course  gravel  shall  be  warm  and  dry  and  the 
bituminous  material  heated  to  a  temperature  of  400**  F.  when 
added  to  the  tone.  The  mode  of  procedure  from  this  point  on 
shall  be  the  same  as  in  the  case  of  top  course  for  bituminous 
macadam  of  stone,  mixed;  substituting  the  corresponding  classes 
of  gravel  for  those  of  stone. 

TOP   COURSE  FOR  MINERAL  BITUMEN 

Upon  the  bottom  course  there  shall  be  deposited  a  top  course 
which  shall  have  when  completed  the  required  thickness.  Wood 
blocks  of  the  proper  size  shall  be  used  to  gauge  the  depth  of  the 
stone,  care  being  taken  to  preserve  grade  and  crown,  also  to 
prevent  a  wavy  surface. 

After  the  stone  is  evenly  spread  to  the  required  thickness,  it 
shall  be  rolled  sufficiently  to  compact  it  slightly  and  make  the 
surface  smooth  and  uniform. 

♦ pounds  per  square  yard  of  the  mineral  bitumen  shall 

then  be  spread  on  the  stone  by  the  use  of  shovels  and  raked  to  a 
uniform  thickness.  When  not  over  100  lineal  feet  of  the  mineral 
bitumen  has  been  spread,  it  shall  be  rolled  with  an  asphalt  roller 
sufficiently  to  fill  the  voids  in  the  stone.  The  rolling  shall  begin 
at  the  edges  and  work  to  the  center,  care  being  taken  to  prevent 

the  bitumen  adhering  to  the  roller.    * pounds  per  square 

yard  of  mineral  bitumen  shall  then  be  spread  in  the  same  manner 

to  a  uniform  thickness,  after  which  it  shall  be  rerolled  and  the 

\    road  closed  to  traffic  for  two  days  during  which  time  it  shall  be 

\  slightly  rolled.     None  of  the  completed  first  layer  of  mineral 

•  bitumen  shall  be  left  overnight  uncovered  by  the  second  layer. 

A   ten-ton  self-propelled   roller   may  be  s»\]iVi?A\x.\3X^^  \^x  nNnr. 

•  See  page  78,  C\tt.p\.et  \ . 
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asphalt  roller  under  such  conditions  and  requirements  as  the  di\> 
sion  engineer  may  prescribe. 

The  contractor  shall  furnish  satisfactory  scales  for  weighing 
each  wagon-load  of  mineral  bitumen  used,  and  all  weighiof 
shall  be  checked  by  a  representative  of  the  State  Department  of 
Highways. 

APPUCATIONS  OF  BITUMENS 

Specifications  for  Applying  Bituminous  Material  H.O.  (Hot 
Oils). 

The  oil  shall  be  of  a  heavy  grade  fulfilling  all  requirements 
for  bituminous  material  II. O. 

The  road  to  be  treated  should  be  carefully  swept  untfl  it  is 
thoroughly  clean  and  no  screenings,  dust,  or  foreign  matter  re- 
mains upon  the  surface.  The  greatest  care  should  be  exercised 
in  doing  this  work  not  to  displace  the  stone  of  the  top  course. 

Three-quarters  of  a  cubic  foot  of  No.  2  stone  shall  then  be 
spread  uniformly  over  each  square  yard  of  surface. 

The  oil  shall  then  be  evenly  applied  to  the  road  surface  it  1 
temperature  of  not  more  than  400*  F.,  or  less  than  300"  F. 

One-half  of  a  cubic  foot  of  screenings  shall  then  be  spread 
uniformly  over  each  square  yard  of  surface.  The  roadway  shall 
then  be  rolled  and  thrown  open  to  traflic. 

The  machine  or  apparatus  used  in  applying  this  oil  must  be 
of  such  construction  that  the  amount  to  be  applied  may  bercgv- 
latcd  and  spread  on  the  road  in  a  thin  uniform  sheet. 


an 

,0 


The  roadbed,  when  the  oil  is  applied,  must  be  absolutely  dry, 
d  oil  must  not  be  applied  when  temperature  of  the  air  is  below 


70**  F. 

The  amount  to  be  applied  shall  be  0.5  gallon  per  square  yard. 

Specifications  for  applying  Bituminous  Material  CO.  (Cold 
OUj. 

Oil  meeting  the  requirements  specified  under  CO.  shall  be 
applied  uniformly  to  the  road  surface  immediately  after  it  bis 
been  carefully  swept  until  the  top  course  of  stones  is  eiposed 
and  thoroughly  cleaned  and  no  dust  or  foreign  matter  remaini 
upon  the  surface.  The  greatest  care  shall  be  exercised  in  doiBg  | 
the  sweeping  not  to  displace  the  stones  of  the  top  course. 

The  amount  of  oil  to  be  applied  shall  be* gallons  per 

square  yard. 

The  machine  used  in  applying  this  oil  shall  be  of  such  construc- 
tion that  the  amount  to  be  applied  can  be  regulated  and  spread 
on  the  road  to  form  a  thin  sheet. 

The  oil  .«thall  be  delivered  in  tank  cars  which  are  provided 
with  proper  steam  coils,  and  the  contractor  will  be  required  to 
attach  thereto  a  small  boiler  by  means  of  which  the  temperatuic  . 
of  the  oil  can  be  rai.sed  to  at  least  150**  V.  in  the  tank  car.     Afief  \ 
the  oil  has  been  transferred  to  the  machine  for  applying  it  shal 
be  transpoTiQil  to  the  road  as  soow  as  ^tossible  and  before 

•  See  pane  1 4,  CVv*V^«  N . 
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temperature  has  been  materially  lowered.  At  the  option  of  the 
engineer  the  heating  of  the  oil  by  steam  may  be  omitted  if  the 
temperature  is  above  70°  F. 

The  contractor  shall  apply  oil  to  one-half  of  the  road  at  a 
time,  leaving  the  other  half  of  the  road  and  shoulder  free  and  open 
to  traffic  during  the  process  of  oiling.  The  portion  oiled  shall 
then  be  covered  and  thrown  open  to  traffic,  after  which  the  bal- 
ance of  the  road  shall  be  oiled  and  covered.  The  full  width  of 
the  macadam  shall  be  covered  in  the  two  applications. 

The  contractor  shall  erect  and  maintain  signs  at  the  nearest 
cross-road  on  each  side  of  the  oiling  warning  the  traveling  public 
that  the  road  is  being  oiled  and  that  they  travel  it  at  their  own 
risk. 

The  cover  shall  consist  of  an  approved  grade  of  iron-ore  tailings, 
gravel,  screenings  from  which  the  dust  has  been  removed,  three- 
quarter  stone  with  sand  or  gravel  for  a  blotter,  as  specified  and 
called  for  in  the  item  of  quantities.  The  cover  shall  be  delivered 
in  piles  along  the  road  approximately  1,000  feet  apart,  these 
piles  to  be  so  placed  that  they  are  not  dangerous  lo  the  traffic. 
In  applying  the  cover  the  material  shall  be  loaded  into  a  spreader 
wagon*  designed  so  that  the  cover  can  be  applied  uniformly  and 
of  an  even  thickness  on  the  roadbed.  The  amount,  per  square 
yard,  of  cover  to  be  applied  shall  be  determineo  by  the  engineer. 
A  portion  of  the  cover  shall  be  reserved,  and  the  contractor  will 
be  required  from  time  to  time  to  rescreen  such  portions  of  the 
roadway  as  become  sticky  and  show  a  tendency  to  pick  up. 
The  contractor  will  be  required  to  patch  with  oil  and  cover  those 
places  in  the  road  which  pick  up  under  the  traffic,  and  he  shall 
leave  an  even,  smooth  surface  on  the  job  he  has  completed. 
Particular  care  shall  be  taken  so  as  not  to  leave  a  ragged  and 
bad  edge. 

In  case  three-quarter  stone  is  specified  for  cover  and  the  road 
requires  a  certain  amount  of  repairing,  the  ruts  shall  be  cleaned 
out  thoroughly  and,  after  the  oil  has  been  applied,  completely 
filled  with  three-quarter  stone  or  stone  that  will  pass  a  ij-inch 
ring  and  be  retained  on  a  |-inch  ring.  The  cover  of  three-quarter 
stone  shall  be  rolled  with  a  light  roller,  weighing  at  least  five  tons, 
after  which  it  shall  be  thoroughly  screened  with  screenings  or  a 
fine  grade  of  gravel  or  sand,  and  again  rolled  until  it^is  thoroughly 
hard  and  smooth. 

The  work  shall  be  cleaned  up  and  left  in  a  tidy  and  workman- 
like manner. 

Payment  for  applying  oil  will  be  made  on  the  basis  of  the  square 
yard,  and  shall  include  the  sweeping  and  preparing  of  the  road- 
bed, the  unloading,  hauling,  application  of  the  oil,  and  the  apply- 
ing of  the  necessary  cover;  also  trimming  up  and  removal  of  all 
surplus  material. 

The  payment  of  cover  will  be  made  at  the  price  bid  per  cubic 
yard  or  ton  delivered  on  the  road  in  piles,  as  specified. 

•  Note. —  Sec  page  23$*  CY«.pUx  '^. 
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SPECIFICATIONS  FOR  APPLYING  BITUMINGUS 
MATERIAL  L.C.O.     (Light  Cold  Oil) 

Oil  meeting  the  requirements  specified  under  L.CO.  shall  be 
applied  uniformly  to  the  road  surface  immediately  after  it  has 
been  swept  sufficiently  to  remove  any  excessive  dust  or  foreign 
matter. 

The  amount  of  oil  to  be  applied  shall  be  * gallons  per 

square  yard. 

The  machine  used  in  applying  this  oil  shall  be  of  such  con- 
struction that  the  amount  to  be  applied  can  be  regulated  and 
spread  on  the  road  to  form  a  thii^  sheet. 

The  oil  shall  be  delivered  in  tank  cars. 

The  contractor  shall  apply  the  oil  to  one-half  of  the  road  at  a 
time,  leaving  the  other  half  of  the  road  and  shoulder  free  and 
open  to  traffic  during  the  process  of  oiling.  The  portion  oiled 
shall  then  be  covered  by  sweeping  back  the  material  previously 
removed  from  such  portion,  and  thrown  open  to  traffic.  The 
other  half  of  the  road  shall  then  be  treated  in  the  same  manner. 

The  contractor  shall  erect  and  maintain  signs  at  the  nearest 
cross-road  on  each  side  of  the  oiling,  warning  the  traveling  public 
that  the  road  is  being  oiled  and  that  they  travel  it  at  their  own 
risk. 

The  work  shall  be  cleaned  up  and  left  in  a  tidy  and  workman- 
like manner. 

Payment  for  applying  the  oil  shall  be  by  the  square  yard  and 
shall  include  all  sweeping,  the  unloading  and  hauling  of  the  oil, 
and  its  application. 

CONCRETE 

Concrete,  of  the  class  specified,  shall  be  used  in  such  places 
and  in  such  forms  and  such  dimensions  as  may  be  shown  on  the 
plans,  or  as  directed  by  the  engineer. 

When  the  conditions  make  it  desirable  to  reinforce  concrete 
by  the  use  of  embedded  steel  or  iron,  the  details  will  be  shown 
on  the  plans. 

Concrete  shall  be  classified  as  follows:  first-class,  second-class, 
third-class. 

First-class  concrete  shall  be  made  of  one  part  Portland  cement, 
two  parts  clean  sand  or  crusher  dust,  resulting  from  the  breaking 
of  hard  trap,  hard  sandstone,  granite,  or  gneiss,  and  four  parts 
of  crushed  stone,  all  measured  in  loose  bulk,  in  boxes  or  forms  of 
known  capacity  satisfactory  to  the  engineer. 

Crushed  stone  for  first-class  concrete  shall  be  trap,  granite,  or 
gneiss,  satisfactory  to  the  Commission. 

Second-class  concrete  shall  be   made  of  one  part   Portland 

cement,  two  and  one-half  parts  of  clean  approved  sand  or  crusher 

dust,  and  five  parts  of  crushed  stone  or  screened  washed  gravel, 

aJJ  measured  in  loose  bulk  in  boxes  or  forms  of  known  capacity 

satisfactory  to  the  engineer. 

•  NoTV.. — Sec  pag;c  ^^,  Q\a\>\x%.\  . 
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Third-clas5  concrete  shall  be  made  of  one  part  Portland 
anient,  three  parts  of  clean  approved  sand  or  crusher  dust,  and 
.ix  parts  of  crushed  stone,  all  measured  in  loose  bulk  as  afore- 
OLid.  The  substitution  of  gravel  in  stone  for  concrete  will  not 
>e  permitted  except  in  special  cases  under  such  conditions  and 
equirements  as  the  Commission  may  prescribe. 

Boulders  and  fragments  of  rock  may  be  embedded  in  third- 
rlass  concrete.  Each  stone  before  being  embedded  or  placed 
ihall  be  thoroughly  washed  and  soaked,  to  free  it  from  all  dirt. 
Hones  embedded  in  concrete  shall  be  at  least  three  inches  apart 
Lt  all  points,  and  no  stones  shall  be  placed  within  two  inches  of 
.he  finished  exposed  surfaces  or  edges  of  the  concrete.  Stones 
ihall  be  laid  on  their  largest  bed  and  worked  down  into  the  con- 
:rete  so  as  to  exclude  the  air  from  any  pockets  in  the  lower 
surface  of  the  stone. 

Stone  for  concrete  shall  be  of  an  approved  kind  and  quality 
>f  rock  and  shall  be  free  from  soil,  mud,  and  dust.  Soft  stone 
(hall  not  be  used  in  making  concrete.  Crushed  stone  for  first- 
riass  concrete  shall  be  of  the  No.  2  size;  for  the  second-class  shall 
3e  of  the  No.  2  size  mixed  with  the  No.  3  size,  if  required;  and 
for  third-class  concrete  shall  be  of  the  No.  2  or  the  No.  3  size. 

The  proportion  of  mortar  which  is  to  form  the  matrix  of  the 
concrete  may  be  varied  slightly  by  the  engineer  if  necessary  in 
srder  that  it  shall  exceed  the  natural  voids  of  the  loose  aggre- 
l^ate.  This  proportion  shall  be  used  until  a  change  in  the  character 
of  the  aggregate  may  require  a  slight  variation  in  the  proportion 
[>£  mortar. 

Sand,  the  particles  of  which  shall  not  be  greater  than  one-eighth 
inch  in  size,  shall  be  clean,  sharp,  and  not  excessively  fme,  and 
shall  be  screened  if  required.  Crusher  dust  screened  to  reject 
ail  particles  over  one-quarter  inch  in  diameter  may  be  used  as  a 
substitute  for  an  equal  bulk  of  sand.  Shale  sand  or  shale  dust 
shall  not  be  used. 

The  following  methods  for  hand-mixing  shall  be  followed : 

The  sand  and  cement  shall  be  thoroughly  mixed  dry.  Enough 
water  shall  then  be  added  to  make  a  plastic  mortar.  After  the 
mortar  has  been  brought  to  the  proper  consistency,  the  broken 
stone  or  gravel,  havipg  been  previously  drenched  with  water, 
shall  be  added,  and  the  whole  thoroughly  mixed. 

The  mixing  shall  be  done  upon  proper  water-tight  platforms 
and  never  on  the  ground.  The  mass  shall  be  turned  at  least 
six  times  on  the  platform  and  until  each  particle  of  stone  or 
gravel  is  entirely  coated  with  mortar  and  the  mass  of  a  uniform 
consistency  and  color.  After  the  materials  are  wet  the  work 
shall  proceed  rapidly  until  the  concrete  is  in  place  and  is  rammed 
until  the  water  flushes  to  the  surface  and  all  the  voids  entirely 
filled  with  mortar. 

The  quantity  of  water  to  he  used  in  making  concrete  will  be 
determined  by  the  engineer,  but  a  wet  and  pVaisV\c  mvkVwxtx  ^avva, 
that  quakes  under  the  blows  of  the  rammei,  vj\\\  V>t  xtQ^^vt^*^^ 
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All  mortar  and  concrete  shall  be  used  while  fresh  and  before 
it  has  taken  an  initial  set.  Any  mortar  or  concrete  that  has 
taken  an  initial  set  shall  be  removed  from  the  mixing  boards  or 
receptacle  and  not  used  in  the  work.  No  retempering  of  mortar 
or  concrete  will  be  allowed. 

Concrete  shall  be  deposited  in  layers  not  exceeding  six  inches 
in  thickness  before  ramming.  In  joining  new  concrete  to  old 
or  to  a  concrete  that  has  already  set,  precaution  shall  be  taken 
to  secure  a  perfect  bonding  by  cleaning,  washing,  and  grouting 
with  neat  cement  mortar  the  work  already  in  place.  In  order 
to  bond  the  successive  courses,  horizontal  channels  running 
lengthwise  of  the  wall  at  least  two  inches  deep  and  four  inches 
wide  shall  be  formed  at  the  top  of  the  upper  layer  of  each  day*s 
work,  and  at  such  other  levels  as  work  is  interrupted,  until  the 
concrete  has  taken  its  initial  set. 

In  any  given  layer  the  separate  batches  shall  follow  each  other 
so  closely  that  each  one  shall  be  placed  and  compacted  before 
the  preceding  one  has  set,  so  there  shall  be  no  line  of  separation 
between  the  batches. 

After  the  concrete  has  begun  to  set,  it  shall  not  be  walked  upon 
in  less  than  twelve  hours. 

The  operation  of  compacting  the  concrete  shall  be  conducted 
so  as  to  form  a  compact,  dense,  impervious,  artificial  stone.  The 
ramming  shall  be  so  thorough  as  to  perfectly  compact  the  con- 
crete and  fill  all  voids  so  that  the  water  comes  to  the  surface  and 
that  the  mass  quakes  under  the  blows  of  the  rammer  and  will 
show  a  smooth  face  when  the  forms  are  removed.  The  weight 
and  shape  of  the  rammers  used  shall  be  satisfactory  to  the  en- 
gineer. 

The  contractor  shall  construct  suitable  forms,  the  interior  shape 
and  dimensions  of  which  shall  be  such  that  the  finished  concrete 
shall  be  of  the  form  and  dimensions  shown  on  the  plans.  AU 
forms  shall  be  set  true  to  the  lines  designated  and  shall  be  so 
built  as  to  remain  firm  and  secure  until  the  concrete  is  perfectly 
hardened.  All  forms  shall  be  satisfactory  to  the  engineer  anS 
shall  remain  in  place  so  long  as  he  deems  necessar>*.  Matched 
and  dressed  lumber  shall  be  used  for  those  ix)rtions  of  the  form 
which  come  in  contact  with  concrete  surfaces  that  will  be  exposed. 
.■Ml  forms  shall  be  so  constructed  that,  when  removed,  all  ex- 
posed surfaces  of  the  concrete  shall  be  smooth  and  even. 

Xo  piece  of  stone  •shall  be  left  within  two  inches  of  an  exposed 
surface.  .\  broad-tined  fork  shall  be  used  to  pry  the  fragments 
of  stone  back  from  the  face  of  the  forms. 

When  the  mercury  falls  below  20**  F.,  newly  laid  concrete  shall 
be  covered  with  canvas  and  otherwise  protected  to  prevent 
freezing. 

Concrete  work  shall  not  be  done  during  freezing  weather.     Tn 
warm    ircathcr  concrete  shall   be  covered  wMth  canvas,  grass, 
weeds,  or  otherwise  protected  irom  the  sun,  and  shall  be  wcl 
down  until  thoroughly  set. 
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surface  shall  be  formed  of  mortar  of  the  same  pro- 
i  of  the  same  kind  and  quality  of  cement  and  sand 
ich  forms  the  matrix  of  the  concrete,  and  shall  be 
cutting  off  the  excess  with  a  straight-edge  and  then 
:  surface  until  smooth.  As  soon  as  the  forms  are 
11  exposed  surfaces  shall  be  rubbed  smooth  with  a 
ter.  No  plastering  of  any  surface  will  be  allowed,  the 
ish  being  obtained  by  rubbing  down  the  irregularities 
All  faces  shall  show  a  smoolh,  dense  surface,  without 
rities,  blow-holes,  or  bubbles.  All  edges,  joints  of  sec- 
ther  exposed  angles  of  structures  shall  be  beveled  or 
a  regular  curve. 

:rete  which  is  porous,  or  which  has  been  plastered, 
loved  and  replaced  at  the  expense  of  the  contractor, 
shall  not  be  laid  in  running  water,  nor  shall  it  be 
water  nor  exposed  to  the  action  of  water  before  it 
ept  with  special  permission  of  the  engineer,  and  then 
iner  as  he  may  specially  direct, 
of  concrete  includes  the  forms  and  all  labor  on  same, 
lishing,  mixing,  and  placing  of  the  concrete,  but  does 
any  embedded  steel  or  iron. 

CRETE  FOUNDATION  FOR  PAVEB4ENT 

foundation  for  pavement  shall  be  constructed  where 
.  the  plans  or  ordered  by  the  engineer. 
>e  constructed  in  accordance  with  the  specifications 
of  concrete  called  for,  and  shall  conform  to  the  details 
le  standard  structure  sheet. 

ig  will  be  considered  a  part  of  the  pavement  founda- 
lU  be  constructed  in  accordance  with  the  specifications 
edging. 

will  include  the  concrete,  placing  same,  and  all  labor 
lecessary  to  put  same  in  place  complete. 

GRAVEL  CONCRETE 

mcrete,  when  permitted,  shall  be  used  in  such  places 
forms  and  dimensions  as  may  be  shown  on  the  plan 
ed  by  the  engineer.  Before  any  gravel  shall  be  used 
a  sample,  containing  at  least  i^  cubic  feet,  shall  be 
he  contractor,  in  the  presence  of  the  engineer,  and 
)  the  State  Commission  of  Highways,  Albany,  N.Y., 
When  gravel  from  an  accepted  source  of  supply  does 
e  to  be  satisfactory  to  the  Commission,  the  contractor 
lired  to  secure  satisfactory  gravel  elsewhere  without 
ensation.  Gravel  concrete  must  in  all  respects  con- 
specifications  for  stone  concrete  except  as  hereinafter 

ification,  gravel  will  be  separated  \TvtQ  \.Vt\^^  ^tArs* 
means  of  two  screens  Y\av\Tv%  o^etiva%^  i-w^^.  ^o^^ax^ 
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and  i-in.  square  respectively.  Material  passing  the  J-in.  screen 
will  be  designated  as  sand,  and  that  passing  the  2-in.  screen  and 
retained  on  the  }-in.  screen  as  screen  gravel,  and  that  retained 
on  the  2-in.  screen  as  boulders. 

The  sand  shall  meet  the  specifications  for  sand  in  concrete. 
The  screened  gravel  and  boulders  shall  consist  of  sound  un- 
weathered  stone,  free  from  disintegrated  matter  or  shale. 

If  the  portions  of  gravel,  as  taken  from  the  bank,  contain  be- 
tween 45  and  55  per  cent  of  sand,  it  may  be  mixed  directly  with 
the  cement,  in  the  proportion  of  one  part  of  cement  to  six  parts 
of  gravel;  but  if  the  percentage  of  sand  is  greater  or  less  thjin  the 
above-mentioned  limits,  it  shall  be  made  to  meet  those  require- 
ments by  the  addition  of  the  necessary  amount  of  either  sand  or 
screened  gravel,  as  the  case  may  require,  before  the  addition  of 
the  cement  to  the  gravel. 

Whenever  so  directed  by  the  engineer,  the  contractor  shall 
separate  the  bank  gravel  into  the  two  grades  mentioned  abo%'e, 
in  order  that  the  engineer  may  determine  the  amount  of  bank 
gravel  to  be  mixed  with  the  cement,  which  will  give  the  above 
proportions  of  mixture;  and  to  ascertain  if  the  bank  gravel  is 
keeping  within  the  specified  limits. 

In  proportioning  sand,  cement,  and  gravel,  all  material  shall 
be  measured  in  loose  bulk  in  boxes  or  forms  of  known  capacity 
satisfactory  to  the  engineer. 

Material  graded  as  boulders  may  be  embedded  in  the  concrete  in 
the  same  manner  as  specified  for  stone  and  stone  concrete. 

CONCRETE   CURBING 

Concrete  curbing  shall  be  constructed  where  called  for  on  the 
plans  or  ordered  by  the  engineer. 

It  shall  be  constructed  with  or  without  concrete  gutter,  accord- 
ing to  the  details  shown  on  the  plans  and  of  the  first-class  con- 
crete. 

All  curbing  shall  be  molded  in  place  and  cut  in  sections  six  feet 
long. 

If  called  for  on  the  plans  or  ordered  by  the  engineer,  the  top 
face  of  curbing  for  a  thickness  of  one  inch  shall  be  composed  of 
one  part  Poriland  cement  and  two  parts  sand  as  specified,  shall 
belaid  before  the  concrete  has  attained  its  initial  set,  and  shall 
be  thoroughly  troweled  to  the  section  shown  on  the  plans. 

Trenches  for  concrete  curb  shall  be  excavated  to  the  width 
and  depth  shown  on  plans,  and  all  material  so  excavated  will  be 
classified  as  excavation. 

Where  called  for  on  the  plans  or  ordered  by  the  engineer,  porous       ] 
drain  tile  shall  be  placed  under  concrete  curb  and  firmly  beddet'       1 
in  the  cinders,  gravel,  or  crushed  stone  on  which  the  curb  is 
placed. 

After  thv  removal  of  forms  the  trench  shall  be  filled  with  earth 
thoroughly  damped. 
The  forms  shall  remain  in  place  on  coxvci^Vt  onWii^  ^cr.  %t 
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least  ten  days,  and  the  concrete  shall  not  be  walked  upon  or 
disturbed  in  any  way  during  that  time,  except  that  if  metal 
forms  are  used  they  may  be  removed  after  forty-eight  hours, 
and  planks  substituted  to  protect  it. 

The  item  of  concrete  curb  will  include  material  for  foundation, 
porous  drain  tile,  the  concrete,  placing  same,  filling,  tamping  in 
place,  and  all  necessary  work  connected  therewith. 

CONCRETE  EDGING 

Concrete  edging  shall  be  constructed  where  called  for  on  the 
plans  or  ordered  by  the  engineer.  It  shall  be  composed  of  second- 
class  concrete  except  that  the  top  face  for  the  thickness  of  one 
inch  shall  be  composed  of  one  part  Portland  cement  and  two  and 
one-half  parts  of  sand,  and  shall  be  laid  before  the  concrete  has 
attained  its  initial  set,  and  shall  be  thoroughly  troweled  to  the 
sections  shown  on  the  plan. 

Trenches  for  concrete  edges  shall  be  excavated  to  the  depth 
and  width  shown  on  the  plans,  and  all  material  so  excavated 
shall  be  classed  as  excavation. 

After  the  removal  of  forms  the  trenches  shall  be  filled  with 
earth  and  thoroughly  tamped. 

The  forms  shall  remain  in  place  on  concrete  edging  for  at  least 
ten  days,  and  the  concrete  shall  not  be  walked  upon  or  disturbed 
in  any  way  during  that  time. 

The  item  of  concrete  edging  will  include  the  concrete,  placing 
same,  filling,  and  all  necessary  work  connected  therewith. 

STONE   CURBING 

Stone  curbing  shall  be  set  where  called  for  on  the  plans  or 
ordered  by  the  engineer. 

It  shall  be  sound  and  uniform* of  an  approved 

quality,  free  from  seams  and  other  imperfections,  and  shall  be 
not  less  than  five  inches  thick  and  eighteen  and  one-half  inches  in 
depth;  the  lengths  may  vary  between  three  and  six  feet. 

The  upper  face  shall  be  cut  to  the  slope  shown  on  plans.  The 
front  for  a  space  of  ten  inches  from  the  top  shall  be  dressed  to  an 
even  surface,  with  no  projection  or  depression  exceeding  one-fourth 
of  an  inch.  The  bottom  shall  be  roughed  of!  parallel  to  the  top, 
with  projections  not  exceeding  two  inches  beyond  the  rccjuircd 
depth. 

The  ends  for  a  space  ten  inches  below  the  top  shall  be  truly 
squared  and  dressed  for  form  joints  not  exceeding  onc-ciphth  of 
an  inch  thick  for  a  depth  of  at  least  two  inches  from  the  to[). 
and  back  two  inches  from  the  front  face.  The  joints  of  circular 
curbing  shall  be  cut  truly  radial. 

The  curbing  shall  be  set  to  the  line  and  grade  given  by  the 
engineer. 

Trenches  for  stone  curbing  shall  he  CT^ccivatXcd  Vci  W^  -^\^'0^ 

'Note. — Kind  of  stone  as  Berca  Sandstone,  «\c. 
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and  depth  shown  on  the  plans,  and  all  material  so  excavated 
will  be  classified  as  excavation. 

As  called  for  on  the  plans,  or  ordered  by  the  engineer,  porous 
drain  tile  shall  be  placed  under  stone  curbing,  and  firmly  bedded 
in  cinders,  gravel,  or  crushed  stone,  on  which  the  curbing  shall 
be  placed  and  firmly  settled  to  grade  by  ramming,  so  that  each 
curbstone  shall  have  an  even  bearing  throughout  its  entire 
length. 

After  curbing  has  been  set  as  above,  trenches  shall  be  filled 
with  earth  thoroughly  tamped. 

The  item  of  stone  curbing  in  place  complete  will  include  the 
curbing,  setting  same,  material  for  foundation,  porous  drain-tile 
laying  and  tamping  in  place,  and  all  necessary  labor  connected 
therewith. 

STOWE  CURBING  — SET  IN  CONCRETE 

Stone  curbing  set  in  concrete  shall  be  set  where  called  for  on 
the  plans  or  ordered  by  the  engineer. 

It  shall  be  sound  and  uniform* of  an  approved 

quality,  free  from  seams  and  other  imperfections,  and  shall  not 
be  less  than  five  inches  thick  and  twelve  inches  in  depth;  the 
length  may  vary  between  three  and  six  feet. 

The  upper  face  shall  be  cut  to  the  slope  shown  on  the  plans. 
The  front  for  a  space  of  ten  inches  from  the  top  shall  be  dressed 
to  an  even  surface,  with  no  projections  or  depressions  exceeding 
one-quarter  of  an  inch.  The  bottom  shall  be  roughed  off  parallel 
to  the  top,  with  projections  not  exceeding  two  inches  beyond  the 
required  depth. 

The  ends  for  a  space  of  ten  inches  below  the  top  shall  be  truly 
squared  and  dressed  to  form  joints  not  exceeding  one-eighth  of 
an  inch  thick  for  a  depth  of  at  least  two  inches  from  the  top, 
and  back  two  inches  from  the  front  face.  The  joints  of  circular 
curbing  shall  be  cut  truly  radial. 

The  curbing  shall  be  set  to  the  line  and  grade  given  by  the 
engineer. 

Trenches  for  "  Stone  Curbing  —  set  in  Concrete  "  shall  be 
classified  as  excavation. 

The  curbing  shall  be  set  in  third-class  concrete  as  shown  on  the 
standard  structure  sheet. 

CONCRETE  RETAINING  WALLS 

Concrete  retaining  walls  of  gravity  type  shall  be  constructed 
where  called  for  on  the  plans  or  ordered  by  the  engineer. 

They  shall  be  constructed  so  as  to  conform  with  the  details 
shown  on  the  plans,  and  in  accordance  with  the  specifications  for 
the  class  of  concrete  specified. 
Reinforced  Concrete  Retaining  Walls. 
Reinforced  concrete  retaining  waWs  ?>hall  be  constructed  where 

•  Note.— Kind  ol  stone  as  Berca.  S*Tids\ot»,  «\t. 
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died  for  on  the  plans  or  ordered  by  the  engineer.  They  shall 
e  constructed  according  to  the  details  of  the  plans  and  of  first- 
;ass  concrete  unless  otherwise  specified. 

All  reinforcement  shall  be  of  medium  steel  which  shall  fulfil 
le  prescribed  tests. 

All  reinforced  concrete  shall  be  built  by  workmen  and  under 
>remen  who  are  thoroughly  experienced  in  modern  methods  of 
enforced  concrete  construction. 

Walls  shall  be  divided  into  sections,  and  as  the  engineer  may 
etermine  to  be  necessary  or  desirable;  each  section  shall  form  a 
ionolith,and  work  once  begun  thereon  shall  be  continued  without 
Lterruption  until  the  section  is  completed. 

AH  forms  shall  have  sufficient  strength  to  hold  the  work  to 
le  lines  shown  on  the  plans,  and  shall  not  be  removed  within 
:n  days. 

No  load  shall  be  allowed  upon  or  against  any  reinforced  con- 
•etc  wall  within  twenty-one  days  after  the  completion  thereof. 

The  reinforcement  must  be  fastened  securely  in  place  so  that 

will  not  be  displaced  in  depositing  the  concrete. 

Weep  holes  shall  be  constructed  where  called  for  on  the  plans 
:  ordered  by  the  engineer. 

Cobblestone,  field  stone,  crusher  tailings,  No.  3  or  No.  4 
'avel  shall  be  used  for  back-filling  within  the  limits  shown  on 
le  plans  or  ordered  by  the  engineer.  The  larger  stones  shall  be 
laced  at  the  bottom  and  the  smallest  at  the  top,  care  being  taken 
»  arrange  the  stones  around  the  weep  holes  that  they  may 
laintain  their  maximum  efiicicncy. 

No  gravel  shall  be  used  in  reinforced  concrete  retaining  walls. 

CONCRETE  CULVERTS 

Culverts  shall  be  built  where  called  for  on  the  contract  plans 

•  required  as  extra  work.  The  covers,  the  side  walls,  and  abut- 
ents  shall  each  be  of  the  class  of  concrete  shown  on  the  plans. 
ulverts,  side  walls,  or  abutments  may  be  of  cement  masonry 
ith  stone  paving  when  so  indicated.     In  either  case  they  shall 

*  built  in  accordance  with  the  details  shown  on  the  standard 
ans.  Existing  culverts  shall  be  lengthened  or  repaired  as 
lown  on  the  plans  or  as  directed  by  the  engineer.  Mesh  rein- 
•rcement  or  deformed  bars  of  medrum  steel  shall  be  used  to 
linforce  concrete  as  shown  on  the  plans. 

BRICK  PAVEMENT 

The  subgrade  must  be  prepared  so  that  after  the  same  has  been 
•lied  as  specified,  it  will  conform  to  the  cross-section  shown  on 
le  drawings. 

When  sufficient  material  has  been  excavated,  the  subgrade 
lall  be  rolled  with  a  self-propelled  road-roller  until  thoroughly 
impacted.     The  surface  shall  then  be  Uued  wp  Vq  toT\\<2k\\^  ^'vO^ 
le  cross-section  by  means  of  pick  and  sV\ovt\,  ^xv^  \^\0\<t^« 
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When  solid  rock  is  encountered  in  subgrading,  same  shall  be 
removed  to  a  depth  of  six  inches  below  the  finished  surface  of 
the  brick,  and  the  bed  leveled  up  with  concrete. 

Concrete  shall  be  second-class  and  mixed  as  specified  under 
concrete. 

The  top  face  of  edging  for  a  thickness  of  one  inch  shall  be  com- 
posed of  one  part  Portland  cement  and  two  and  one-half  parts 
sand  as  specitied,  shall  be  laid  before  the  concrete  has  attained 
its  initial  set,  and  shall  be  thoroughly  troweled  to  the  section 
shown  on  the  drawings. 

Upon  the  foundation,  as  specified,  shall  be  laid  a  bed  of  clean 
dry  sand,  which  shall  be  i}  inches  thick  when  pavement  is  com- 
plete. The  sand  cushion  shall  be  rolled  with  a  hand  roller  weigh- 
ing about  200  pounds  and  then  brought  to  the  exact  form  and 
crown  by  means  of  a  templet  of  the  proper  shape,  resting  on  the 
curbs  or  on  scantling  embedded  in  the  sand.  The  templet 
shall  be  drawn  forward  and  backward  immediately  in  front  of 
the  bricklaying,  so  that  the  sand  cushion  shall  be  maintained 
constantly  at  the  proper  crown. 

On  this  sand  bed  the  brick  shall  be  set  on  edge  at  right  angles 
at  the  edging  line,  except  at  road  intersections,  where  they  shall 
be  laid  at  such  angles  and  in  such  manner  as  the  engineer  may 
direct.  All  longitudinal  joints  must  be  broken  by  a  lap  of  haii 
the  length  of  the  brick. 

The  brick  shall  be  laid  in  close  contact  with  each  other  by 
skilled  workmen,  who  shall  stand  on  the  bricks  already  laid; 
and  in  no  case  shall  the  bed  of  sand  in  front  of  the  pavement  be 
disturbed  or  walked  on  after  having  been  smoothed  over  and 
brought  to  the  exact  crown  and  grade.  All  brick  to  be  laid  with 
the  lugs  in  the  same  direction,  so  that  there  will  be  sufficient 
space  between  each  row  for  grouting.  After  the  brick  arc  laid, 
the  end  joints  are  to  be  made  close  and  compact  by  the  use  of  a 
steel  bar  applied  to  the  ends  next  to  the  curbs.  At  every  fourth 
course,  or  as  often  as  directed,  the  side  joints  are  to  be  closed  up 
as  much  as  possible  and  the  courses  straightened  in  a  manner 
satisfactory  to  the  engineer.  Nothing  but  whole  brick  shall 
be  used,  except  in  starting  for  fmishing  a  course. 

In  all  cases  the  end  joints  shall  be  made  close  and  tight.  The 
cutting  and  trimming  of  brick  shall  be  done  by  experienced  men, 
and  proper  care  taken  not  to  check  or  fracture  the  part  to  be 
used;  the  joints  all  to  be  at  right  angles  to  the  tops  and  sides. 
After  a  sulVicient  number  of  brick  have  been  laid,  the  pavement 
shall  be  thoroughly  wet  by  sprinkling,  and  all  soft,  broken,  or 
badly  missha[)ed  brick  will  be  marked  and  removed  by  the  in- 
spector or  his  assistants.  Brick  slightly  spalled  or  kibi-marked 
will  be  marked  to  turn  over,  and  should  the  opposite  face  be 
accej)tablc,  it  may  remain  in  the  pavement,  otherwise  it  shall  be 
removed.  The  lontractor  shall  immediately  remove  all  rejected 
brick  from  the  pavement,  using  tongs  with  broad  flat  noses  and 
long  stout  handles.     The  spaces  so  \cl\.  sVv^W  Vit  ^Ucd  with  new 
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rick,  care  being  taken  in  making  such  replacements  that  the 
rick  80  replaced  are  in  conformity  with  the  specifications  for 
aiving  brick;  and  all  rejected  brick  shall  be  at  once  removed 
cm  the  highway. 

Fourteen  days  after  the  placing  of  the  concrete,  and  after  all 
bjectionable  bricks  are  removed  from  the  pavement  and  all 
^placements  made,  the  pavement  shall  be  swept  clean  and  thor- 
iighly  rolled  with  a  light  roller,  as  specified,  until  the  bricks  arc 
loroughly  and  evenly  bedded  in  the  sand  cushion.  Any  un- 
/enness  or  irregularities  of  the  surface  after  rolling  shall  be 
'ued  by  means  of  ramming,  using  a  heavy  paver's  rammer  on , 

two-inch  plank  laid  parallel  with  the  edging. 

For  rolling  brick  surface,  a  roller  shall  be  used  which  will 
eigh  approximately  five  tons,  self-propelled  roller  preferred. 

When  a  roller  of  the  asphalt,  or  two-wheel  type,  is  used  for 
)lling  brick  surface  a  weight  of  ten  tons  is  allowable;  but  should 
le  grade  of  the  road  be  such  that  the  roller  tips  the  brick,  a 
ghter  roller  must  be  provided. 

An  expansion  cushion  must  be  provided  for  next  to  each  edging; 

must  be  one  and  one-half  inches  in  thickness  for  a  pavement 
zteen  feet  wide  and  increased  proportionately  for  greater  widths. 

After  rolling,  the  brick  will  be  again  inspected  and  any  neces- 
iry  replacements  made  as  above  specified,  such  replaced  brick 

>  be  settled  into  place  by  ramming. 

After  the  inspection  has  been  completed  the  joints  shall  be 
lied  with  grout  to  the  full  depth  of  the  brick,  as  specified,  in 
le  following  manner: 

Grout  for  filling  the  joints  of  brick  or  block  stone  pavements 
lall  be  composed  of  one  part  Portland  cement  as  specified  and 
He  part  of  fine  sharp  sand  as  specified;   the  cement  and  sand 

>  be  thoroughly  mixed  together  dry  in  a  box  of  the  proper  form 
ad  capacity,  and  afterwards  only  a  sufi*icient  amount  of  water 
dded  to  make  the  grout  of  the  proper  fluidity  when  thoroughly 
.irred.  The  grout  shall  be  prepared  only  in  small  quantities 
t  a  time  and  shall  be  stirred  rapidly  and  constantly  in  the  box 
ad  while  being  applied  to  the  pavement. 

Grout  must  be  applied  immediately  on  mixing.  No  residue 
r  settlings  shall  be  used. 

The  grout  shall  be  mixed  to  the  consistency  of  thin  cream. 

The  mixture  shall  be  removed  from  the  box  to  the  street  surface 
y  means  of  scoop  shovels,  and  from  the  moment  it  touches  the 
rick  shall  be  thoroughly  swept  into  all  joints  by  means  of  push 
rooms.  The  work  of  grouting  shall  be  thus  carried  forward  the  en- 
re  width  of  the  pavement  in  line  until  sufficient  time  has  elapsed 
)r  the  grout  to  thoroughly  penetrate  all  joints,  but  before  the 
sment  has  attained  its  initial  set.  The  entire  force  shall  then 
3  over  the  same  portion  of  the  work  for  a  second  time,  usinp  the 
ime  mixture  of  grout,  care  bein;;  taken  in  each  instance  t.<^ 
loroughly  fill  all  joints  flush  with  the  lop  ol  vVvt\m<iV.  T'i  'bvioax^ 
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flush  joinls,  a  third,  fourlh,  or  fifth  coat  of  cement  shall  then  be 
swept  in  and  smoothed  off  with  a  squeegee. 

After  the  joints  are  thus  filled  flush  with  the  top  of  the  bricks 
and  sufl'icient  time  for  hardening  has  taken  place,  so  that  the  coat- 
ing of  sand  will  not  absorb  any  of  the  moisture  from  the  cement 
mixture,  one-half  inch  of  sand  shall  be  spread  over  the  whole 
surface,  and  an  occasional  sprinkling,  sufhcient  to  dampen  the 
sand,  shall  be  followed  for  six  days. 

The  grouting  thus  finished  must  remain  absolutely  free  from 
disturbance  or  traffic  of  any  kind  for  a  period  of  ten  days. 

In  laying  brick  pavement  the  inspector  will  keep  the  brick 
culled  and  the  contractor  shall  make  the  necessary  changes  and 
replacements,  so  that  the  work  will  at  all  times  be  ready  for 
grouting  up  to  within  a  distance  of  not  more  than  three  hundred 
feet  from  the  bricklaying. 

It  is  essential  that  the  board  occupying  the  place  to  be  filled 
with  pitch  remain  in  place  until  after  the  highway  is  in  all  other 
respects  finished,  but  always  withdrawn  and  the  pitch  or  asphalt 
applied  within  thirty-six  hours  after  the  application  of  the  cement 
filler.  After  the  board  is  withdrawn  this  joint  must  be  thor- 
oughly cleaned,  to  the  full  depth  of  the  brick,  before  filling. 

In  the  engineer's  estimate  the  approximate  quantity  of  brick  pa\T- 
mcnt  does  not  inclufle  the  surface  area  of  the  edging. 

The  square  yardage  of  brick  pavement  for  the  purpose  of 
ascertaining  additions  or  deductions  will  be  obtained  by  multi- 
plying the  length  along  the  pavement  by  the  width  between  inside 
faces  of  edging. 

In  hauling  brick  from  the  car,  no  throwing  or  jumping  will  be 
allowed. 

The  item  of  brick  pavement  will  include  sand  cushion,  brick, 
grout,  pitch  filler  for  expansion  joints,  sand  covering,  sprinkling, 
and  all  labor  necessary  to  put  the  same  in  place  complete. 

MEDINA  SANDSTONE  BLOCK  PAVEMENT 

(City  of  Rochester,  N.Y.,  SPEaFiCAXiONS,  ign) 

The  grading,  subwork,  and  curbs  having  been  completed  as 
herein  specified  under  the  proper  headings,  the  work  of  laying  the 
concrete  foundation  and  paving  will  then  proceed. 

A  concrete  foundation  six  (6)  inches  thick,  of  Portland  cement, 
as  sped  lied  in  the  bidding  sheet  and  shown  in  plans,  will  be 
laid  in  accordance  with  the  specifications  herein  contained.  The 
surface  will  be  eight  (8)  inches  below  the  finished  pavement  and 
parallel  thereto,  or  seven  (7)  inches  if  a  five  (5)  inch  block  is 
specified. 

The  surface  to  be  kept  wet  until  covered  with  sand,  and,  at 

least,  thirty-six  C36)  hours  shall  be  allowed  for  the  concrete  to 

set  before  the  pavement  is  laid.     When  connection  is  to  be  made 

with  nny  layer  set,  or  partially  set,  the  edge  of  such  layer  must 

be  broken  down,  shall  be  free  irom  A>\s\.  «ix\^  ^tq\«xVv  wet,  so  as 

to  make  the  joints  fresh  and  c\o?.e.    Oiv  V\v\^  coxvtxev^  VQ.>ax!AaJis»L 


MEDINA    SANDSTONE    BLOCK    PAVEMENT      353 

lU  be  laid  a  bed  of  clean,  sharp  sand,  perfectly  free  from  moisture 
ade  so  by  artificial  heat  if  deemed  necessary),  not  less  than  one 
inch  thick,  to  the  depth  necessary  to  bring  the  pavement  and 
sswalks  to  the  proper  grade  when  thoroughly  rammed. 
Jpon  this  bed  of  sand,  the  stone  blocks  and  crosswalks  must  be 
1.  The  stone  blocks  are  to  be  laid  in  straight  courses  at 
ht  angles  with  the  line  of  the  street,  except  in  intersections  of 
eets,  where  the  courses  shall  be  laid  diagonally,  and  except 
special  cases,  when  they  shall  be  laid  at  such  angle,  with  such 
•wn  and  at  such  grade  as  the  city  engineer  may  direct.  Each 
irse  of  blocks  shall  be  uniform  in  width  and  depth,  and  shall 
gauged  and  selected  for  the  pavers  on  the  sidwalks,  and  so 
i  that  all  longitudinal  joints  or  end  joints  shall  be  close  joints 
i  shall  be  broken  by  a  lap  of  at  least  three  inches^  and  that  joints 
:ween  courses  shall  not  be  more  than  one-half  inch  in  width. 
e  blocks  shall  then  be  thoroughly  rammed  by  courses  at  least 
-ee  times  by  a  rammer  weighing  not  less  than  eighty  (80) 
inds  —  no  iron  of  any  kind  being  allowed  on  its  lower  face  to 
ne  in  contact  with  the  paving,  and  until  brought  to  an  un- 
Iding  bearing,  with  a  uniform  surface,  true  to  the  roadway  on 
i  established  grade.  The  surface  of  the  pavement  thus  com- 
ted  must  be  even  and  smooth  throughout  and  molded  to 
iform  to  the  wells  of  the  surface  sewers,  street  and  alley  inter- 
tions,  drainage  details,  and  the  grade  lines  established  by  the 
y  engineer.  During  the  final  ramming  the  pavement  shall  be 
ted  with  a  straight-edge  and  templet,  and  any  unevenness 
ist  be  taken  out  and  made  true  to  the  required  grade,  level,  and 
tss-section. 

[f  a  paving  pitch  filler  is  used,  the  joints  shall  be  filled  with 
an,  dry,  hot  gravel  of  proper  size  as  herein  specified,  heated 
pans  especially  provided  for  that  purpose,  and  poured  from 
is  having  small  spouts  and  thoroughly  settled  in  place  with 
re  picks  until  the  level  of  the  gravel  is  at  least  two  inches 
ow  the  top  of  the  pavement. 

The  gravel  used  between  the  blocks  shall  be  of  such  size  as 
1  pass  through  a  sieve  having  four  meshes  per  square  inch,  and 
retained  on  a  sieve  of  sixty-four  meshes  per  square  inch,  and 
ist  be  screened  when  dry. 

There  shall  be  immediately  poured  into  the  joints,  while  the 
ivel  is  hot,  boiling  paving  cement  as  hereinafter  described, 
itcd  to  a  temperature  of  300**  F.  until  the  joints  and  all  inter- 
res  of  gravel  filling  are  full  and  will  take  no  more,  and  are  filled 
sh  with  the  top  of  the  blocks.  Dry,  hot  gravel  must  then  be 
jred  along  the  joints,  filled  with  paving  cement,  as  above 
icribed. 

The  paving  cement  to  be  used  in  filling  the  joints  as  herein 
>vided  shall  be  a  paving  pitch  of  the  best  quality,  of  a  brand 
.t  has  been  proved  by  actual  use  in  pavements  known  to  the 
f  engineer  to  be  best  adapted  to  the  purpose.     l\w  ^V."3>.^  V^ 
ivered  on  the  work  in  lots  at  least  one  "wttV.  V>^Voi^  ^isv'^'i?,^*^'^ 


354 


SPECIFICATIONS 


order  that  the  necessary  analysis  and  examination  may  be  madi 
by  the  city  engineer.  In  addition  to  this  the  contractor  must 
furnish  the  city  engineer  with  the  certificate  of  the  manufacturer 
or  refiner  that  the  materials  are  of  the  kind  specified. 

The  city  engineer  may  direct  that  a  Portland  cement  grout 
filler  may  be  used  in  the  joints  instead  of  a  paving  pitch,  in  | 
which  case  the  pavement  shall  be  thoroughly  sprinkled  or  washed 
with  water  before  grouting.  The  grout  shall  be  mixed  with 
clean,  sharp  sand  of  approved  quality,  in  the  proportion  of  one 
to  one,  the  cement  and  sand  to  be  thoroughly  mixed  together 
dry,  in  a  box,  and  then  only  a  sufficient  amount  of  water  added 
to  make  the  grout  of  the  proper  fluidity  when  thoroughly  stirred. 

The  grout  shall  be  prepared  only  in  small  quantities  at  a  time, 
and  shall  be  stirred  rapidly  and  constantly  in  the  box  and  whik 
being  applied  to  the  pavement,  and  no  settlings  or  residue  will 
be  allowed  to  be  used. 

The  grout  shall  be  transferred  to  the  pavement  in  such  a  way 
as  the  engineer  may  think  most  advantageous  and  best  for  the 
work,  and  shall  then  be  rapidly  swept  into  the  joints  of  the  pav^ 
mcnt  with  proper  brooms.  The  stones  shall  be  well  wet  as 
directed  before  the  grout  is  applied,  and  the  pouring  must  be 
continued  until  the  joints  remain  full. 

All  teams  and  traffic  of  any  kind,  except  on  planks,  shall  be 
rigidly  prohibited  on  the  pavement  for  ten  days  after  the  grout 
is  applied,  or  until,  in  the  opinion  of  the  engineer,  it  has  become 
thoroughly  set  and  hardened,  so  that  the  bond  will  not  be  broken 
by  traffic  over  the  pavement. 


Linear  Units 


CONVERSION    TABLE 

CoNVEKSioN  Table  55 

Old  Surveyors*  Units 
I  link  =  7.92  in. 
100  links  =■  I  chain  =  66  ft. 
25  links  —  I  rod      =16.5  ft. 

Ordinary  Measure 
12  in.  =1  ft. 
3  ft.  =  I  yd. 
5280  ft.  s  I  mile 


355 


Square  unus 

I  sq.ft. 
I  sq.  yd. 

=  144  sq.  in. 
==  9  sq.  ft. 

=  1296  sq.  in. 

I  acre 

=  43»S6o  sq.  ft 

=  4840  sq.  yds. 

I  sq.  mile 

=  27,878,400  sq.  ft. 

=  3»o9 7,600  sq.  yds. 

=  640  acres 

Volume  Units 

I  cu.  ft. 

=  1728  cu.  in. 

=  7.4805  ordinary  gal. 

»  6.232  Imperial  gal. 

I  cu.  yd. 

=  27  cu.  ft. 

=  46,656  cu.  in. 

I  ordinary  gal. 

=  231  cu.  in. 

I  Imperial  gal. 

=  277  cu.  in. 

I  barrel 

=  Z^'S  gal. 

=  4.21  cu.  ft. 

Weight  Units 

I  pound 

=  16  ounces 

I  ordinary 

ton  =  2000  pounds 

1  long  ton 

=  2240  pounds 

Temperature  Units 

Freezing  point  of  water 

=  32**  Fahrenheit 

=  0**  Centigrade 

Boiling  point  of  water  at  normal  air 

pressure 

=  212"  Fahrenheit 

=  100**  Centigrade 

I  degree  Fahrenheit 

==  0.5556  degree  Centigrade 

1  degree  Centigrade 

=  1.8  degrees  Fahrenheit. 
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Table  56 

Equivalents  of  Inches  and  Fractions  of  Inches  in  Decduls 

OF  A  Foot 


In. 

0  In. 

X  In. 

3  In. 

i 

A 

.0026 
.0052 
.0078 

.0833 
.0859 

.0885 

.0911 

.1667 
.1693 
.1719 

•1745 

i 

A 

.0104 
.0130 
.0156 
.0182 

.0938 

.0964 
.0990 
.1016 

.1771 

•1797 
.1823 

.1849 

i 

.0208 
.0234 
.0260 
.0286 

.1042 
.1068 
.1094 
.1120 

.1875 
.1901 

.1927 
•1953 

i 

•0313 

•0339 

•0365 
.0391 

.1146 
.1172 
.1198 
.1224 

.1979 
.2005 
.2031 

•2057 

i 

n 

.0417 

.0443 
.0469 

.0495 

•1253 
.1276 

.1302 

.1328 

.2083 
.2091 

•2135 
.2161 

i 

li 

u 

.0521 

•0547 
•0573 
•0599 

•1354 
.1380 

.1406 

.1432 

.2188 
.2214 
.2240 
.2266 

i 

11 

n 

.0625 
.065 1 
.0677 
.0703 

.1458 
.1484 
.1510 
•1536 

.2292 
.2318 

.2344 
.2370 

.0729 
•0755 

,o8oj 

•1563 
.1589 
.1615 
.1641 

.2396 
.2422 

.2aa8 
•2A7A 

.2500 

.2526 

•2552 

.2578 

.2604 

.2630 

.26^6 

.2682 

.2708 

•2734 

.2760 

.2786 

.2813 
.2839 
.2865 

.2891 

.2917 
•2943 

.2969 

•2995 

.3021 

•3047 
•3073 
•3099 

•3125 
•3I5I 
.3177 
•3203 

.3229 

•3255 
.5281 


5  Ib. 


.3646 

•3672 
.3698 

•3724 

•3750 
•3776 
.3802 
.3828 

•3854 
.3880 

.3906 
•3932 

•3958 

•3984 
4010 
4036 

4063 
4089 

•41 15 


4167 

4193 
4219 

424s 

4271 
•4297 
4323 
4349 

437S 
4401 

4427 

4453 

44W 
4505 
4531 
4557 

4583 
4609 

463s 
4661 

4688 

4714 
4740 
47«^ 

4792 
4818 

4844 
4870 

4896 

4922 

4948 

\    -^74 


EQUIVALENTS  OF  DECIMALS  OF  A  FOOT     357 


IVALENTS  OF  INCHES  AND  FRACTIONS  OF  INCHES  IN  DECIMALS 

OF  A  Foot 


6  In. 

7  In. 

8  In. 

9  In. 

10  In. 

II  In. 

.5000 
.5026 

•5052 
•5078 

.5833 
•5859 
.5885 
•59" 

• 

.6667 
.6693 
.6719 

•6745 

•7500 
.7526 

•7552 
.7578 

•8333 

•8359 

.8385 
.8411 

.9167 

•9193 
•9219 
•9245 

.5104 

•5130 
•5156 
.5182 

•5938 

•5964 

•5990 
.6016 

.6771 
.6797 
.6S23 
.6849 

.7604  • 
.7630 
.7656 
.7682 

•8438 
.8464 
.8490 
^516 

•9271 
•9297 
•9323 
•9349 

.5208 

-5234 
.5260 

.5286 

.6042 
.6068 
.6094 
.6120 

.6875 
.6901 
.6927 

•6953 

.7708 

•7734 
.7760 

.7786 

^542 
.8568 

•8594 
.8620 

•9375 
x)40i 

•9427 

•9453 

•5313 
•5339 
•5365 
•5391 

.6146 
.6172 
.6198 
.6224 

.6979 

.7005 

•7031 
•7057 

.7813 

•7839 
.7865 

.7891 

.8646 
.8672 
.8698 

•8724 

•9479 
•9505 
•9531 
•9557 

.5417 
•5443 
•5469 
•5495 

.6250 
.6276 
.6302 
.6328 

.7083 
.7109 

•7135 
.7161 

•7917 

•7943 
.7969 

•7995 

.8750 
.8776 
.8802 
.8828 

•9583 
.9609 

•9635 
^661 

•5521 
•5547 
•5573 
•5599 

•6354 
.6380 
.6406 
.6432 

.7188 
.7214 
.7240 
.7266 

J&021 
.8047 

.8073 
•8099 

•8854 
.8880 

.8906 
•8932 

.9688 

•9714 
•9740 
•9766 

•5625 
.5651 
.5677 
•5703 

.6458 
.6484 
.6510 
•6536 

.7292 

.7318 
•7344 
•7370 

^125 
.8151 
.8177 
.8203 

.8958 
A)84 

X>OIO 

•9036 

.9792 
.9818 
.9844 

•9870 

•5729 

.5755 
.5781 
.5807  1 

•6563 
.6589 

.6615 

.6641 

1 

•7396 
.7422 

.7448 

•7474 

.8229 

•8255 
.8281 

1 

.9063 
.9089 

I  ^^^^ 
\   .9^^^ 

.9896 
.9922 

\  i^*"^ 
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GENERAL    REFERENCE   TABLES 
Table  57.    Areas  and  Voluues 


Areas 


1  ^  I 1 

h 
<  b>i  ^    k  -b-— > 


/-  -^^  h/  J 


h 

JL 


Squaresy  Rectangles^  and  Parallelograms.    Area  —  bk 

« b* — ^ 


h-b-H 


^31 


Triangles       Area=i  bh 


Trapezoids    Area  = 


I*-  b^ 


& 


Area 


Circles 
n  R*  -^ 


n  D 

4 


Circumference  of  Circle  =  2  w  R  ^  "^  D 
Commonly  used  value  of  «•  "»  3.1416 


R™ 

J 

Sector 

of  Circle 
Area  =» 

»/?> 

360^ 

Segment  of  a  Circle 
Area  =  (,/?'£,)-((jJsin4)(«cosf)) 


Vflluffics 

Cubes,  Rectangular  Prisms,  ParallelopipedSf  Cylinders,  etc,  AH 
solids  having  parallel  bases  and  a  constant  cross-section. 

Volume  =  area  of  base  X  perpendicular  height  between  tk 
planes  of  the  bases. 


<d/ 


Wedges.    Having  parallel  ends. 
Volume  —  area  of  base  X  J  the  height  perpendic- 
ular to  the  plane  of  the  base. 


AREAS    AND    VOLUMES 


359 


Cones  and  PyramidSj  whether  right  or  oblique,  regular  or  irreg- 
ular. 

Volume  "  \  area  of  the  base  X  height  perpendicular  to  the 
plane  of  the  base 


Frustums  of  Pyramids  or  Cones,  whether  right  or  oblique,  reg- 
ular or  irregular  provided  the  base  and  top  are  parallel. 


Volume  -  J    perpendicular 
height  between  base  and  top  ^ 
or  by  the  prismoidal  formula 
Volume  / 

f    < 


[  area   ,   area   ,      /area  ^ 
\top   "^  base  "''  \top    ^ 


area\ 
base/ 


/area    area     4  X  area  of  section  parA 

—  i  perpendicular  height  X  K       -fj^^^^-hallel    to  and   midway] 
between  base  and  top  \    ^  between  base  and  top  ^ 

Prismoidal  Formula 

Trautwine  dcfmcs  a  prismoid  as  a  solid  having  for  its  ends 
two  parallel  plane  figures  connected  by  other  plane  figures  on 
which  and  through  every  point  of  which  a  straight  line  may  be 
drawn  from  one  of  the  two  parallel  ends  to  the  other.  These 
connecting  planes  may  be  parallelograms  or  not  and  parallel  to 
each  other  or  not.  This  includes  cubes,  all  parallclopipeds, 
prisms,  cylinders,  pyramids,  cones,  and  their  frustums,  provided 
the  top  and  base  are  parallel  and  wedges. 

The  prismoidal  formula  applies  to  all  these  solids  either  alone 
or  to  any  form  that  can  be  separated  into  units  of  the  above 
forms. 

Prismoidal  formultr 


Volume  =  //  X 


i4  -f-  a  +  4Af 


h  —  perpendicular  distance  between  the  parallel  ends 
A  -»  area  of  one  of  the  parallel  ends 
a  —  area  of  the  other  parallel  end 
M  =  area  of  a  cross-section  midway  between  and  parallel  to 
the  two  parallel  ends 
Sphere 

Volume  =  J  IT  R*  =  4. 1888  R^ 

=  J,  Z>»  =  0.5236  D* 

In  which  R  =  radius  of  sphere 

D  «=  diameter  ol  *p\vexe 
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Table  58 

Squares,  Cubes,  Square  Roots,  Cube  Roots,  Civtcuum 
AND  Circular  Areas  of  Nos.  from  i  to  520 


Nn 

Square 

Cube 

Sq.  Root 

Cube  Root 

ClBCU 

X^Ua 

Circum. 

i 

I 

I 

I 

1.0000 

1.0000 

3.142 

2 

4 

8 

14142 

1-2599 

6.283 

3 

9 

27 

I.7321 

14432 

9.425 

4 

16 

64 

2.0000 

1.5874 

12.566 

] 

5 

25 

125 

2.2361 

1.7100 

15.708 

] 

6 

36 

216 

2-4495 

1.8171 

18.850 

2 

7 

49 

343 

2.6458 

1.9129 

21.991 

1 

% 

8 

64 

512 

2.8284 

3.0000 

25.133 

; 

9 

81 

729 

3.0000 

3.0801 

28.274 

\ 

10 

100 

1000 

3.1623 

2.1544 

3i-»i6 

• 

II 

121 

^iZ^ 

3.3166 

3.2240 

34.558 

^ 

12 

144 

1728 

3.4641 

2.2894 

37.699 

11 

13 

169 

2197 

3.6056 

2.3513 

40.841 

K 

14 

196 

2744 

3-7417 

2.4101 

43.982 

i« 

15 

225 

3375 

3-8730 

24662 

47.124 

i: 

16 

256 

4096 

4.0000 

2.5198 

50.265 

2( 

17 

289 

4913 

4.1231 

2.5713 

53.407 

2: 

18 

324 

5832 

4.2426 

2.6207 

56.549 

2< 

19 

361 

6859 

4.3589 

2.6684 

59.690 

2\ 

20 

400 

8000 

44721 

2.7144 

62.832 

3 

21 

441 

9261 

4.5826 

2.7589 

65.973 

3' 

22 

484 

10648 

4.6904 

2.8020 

69.115 

3^ 

23 

529 

12167 

4.7958 

2^^439 

72.257 

4 

24 

576 

13824 

4.8990 

2.8845 

75.398 

4! 

25 

625 

15625 

5.0000 

2.9240 

78.540 

4< 

26 

676 

17576 

5.0990 

2.9625 

81.681 

5J 

27 

729 

19683 

5.1962 

3.0000 

84.823 

5: 

28 

784 

21952 

5.2915 

3.0366 

87.965 

6j 

29 

841 

24389 

5-3852 

3-0723 

91.106 

(li 

30 

900 

27000 

5.4772 

3.1072 

94.248 

7< 

31 

961 

29791 

5-5678 

3-1414 

90.389 

75 

32 

1024 

32768 

5-6569 

3-1748 

100.531 

8c 

33 

io8g 

35937 

5-7446 

3-2075 

103.673 

85 

34 

1156 

39304 

5-8310 

3.2396 

106.814 

oc 

35 

1225 

42875 

5.9161 

3.2711 

109.956 

96 

36 

1296 

46656 

6.0000 

3.3019 

"3.097 

lOI 

37 

1369 

50653 

6.0828 

3-3322 

116.239 

107 

JS    / 

J444 

54»72 

1    6.16^^ 

\  ^.^6^o 

I  1 19.381 

"3 

J9 

1521 

59319 

\    6.2ASO 

\  ^..^ft^-i 

40     1 

1600 

64000 

\     6.32^6 

Wa^oc 
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ABKs,  CuBxs,  Sqtiakb  Roots,  Cube  Roots,  CiRcuurEttENCEs 

AND  Ctrcct-ab  Areas  of  Nns.  fbom  i  to  iio 


~ 

Sq-o™ 

L-uU 

s,... 

- 

-  — 

Cii. 

Cirtum. 

.\rK. 

l68t 

6S9I. 

6-4031 

3-4483 

138.8, 

1330.35 

■  764 

74088 

6.4807 

34760 

'3'-95 

138544 

1849 

79507 

6.5574 

3-S034 

135^=9 

145' -JO 

iW* 

8s  184 

6.6333 

3-S303 

138.33 

'530.53 

jois 

gins 

6.7083 

3.5569 

MI. 37 

.59043 

2116 

9733'5 

103833 

6.7813 

3-5830 

144.51 

i66[jjo 

iao9 

6.8557 

,.6o88 

'47-65 

'734-94 

1304 

110593 

e.ijiSi 

3-6343 

1809.56 

1401 

117649 

3.6i!93 

IS3-94 

.885.74 

3500 

115000 

7.07  1! 

3.6S40 

.57.08 

■963-50 

3601 

'3'6s. 

7.1414 

3-7084 

,60.33 

3043.83 

140608 

7.3111 

3.73*5 

163.36 

3123.73 

.809 

148877 

7.3801 

3.7563 

.66.50 

iio6.>8 

aqi6 

'S7464 

7-3485 

37798 

169-63 

3390.3? 

30»5 

16637s 

74'63 

3-8030 

173.79 

3375-83 

3 '36 

'756.6 

74833 

3-83.59 

175-93 

3463.01 

i'¥) 

'85193 

7-5498 

3.848s 

179.07 

355 '-76 

3364 

i95"i 

7.6158 

3.8709 

3643.08 

3481 

'05379 

7.681 1 

3-8930 

185-35 

1733-97 

3600 

3i6aoo 

7-7460 

3.9'49 

188.50 

3837.43 

373' 

1.6981 

7-8103 

3-9365 

19.. 64 

193347 

^^ 

338J38 

7-8740 

3-9579 

194.78 

3019-07 

3969 

150047 

7-9373 

3-9791 

197-93 

3H7-3S 

4096 

163144 

8.0000 

10.  .06 

3316-99 

4'a5 

17461; 

8^3633 

4 

0307 

304.30 

3318.31 

4356 

187496 

8.1140 

4 

041 1 

-7-35 

3431-19 

44&) 

300763 

8-.  854 

06.5 

11049 

3535.65 

4634 

314433 

8.3463 

08.7 

"3-63 

3631-68 

3 

4761 

338SCX, 

8.3066 

1016 

316.77 

3739-38 

' 

4900 

343000 

S.J666 

4 

13.3 

3,9J)I 

384845 

5041 

3579" 

84361 

4 

140S 

333-05 

3959. '9 

S:84 

373348 

84853 

1603 

336.19 

4071.50 

S3J<) 

389017 

8.S440 

1793 

339.34 

41S5.39 

5476 

405214 

8.6033 

'983 

133-48 

4300.84 

S6^S 

43.87s 

8.6603 

4 

2171 

33  s  .63 

44.7-86 

.1776 

43S976 

8.7178 

4 

'358 

338.76 

453646 

S<>'9 

456533 

8-7750 

'543 

341.90 

4656.63 

6084 

47455^ 

8.8,,i8 

3737 

345.04 

4  J  78,5,(1 

634. 

493039 

8.88S1 

4 

3qoS 

\    app-iM 

'h"i 

5IJOOO 

8.9443 

4-Joag 

\   vp.!*!--^ 
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Squares,  Cubes,  Square  Roots,  Cube  Roots,  Circumfesencis 
AND  Circular  Areas  of  Nos.  from  i  to  510 


No. 

Square 

Cube 

Sq.  Root 

Cube  Root 

Circle 

Circura. 

.*UVdi 

8t 

6561 

531441 

9.0000 

4-3267 

254-»7 

5153.00 

82 

6724 

551368 

9-0554 

4.3445 

257-61 

$2%ija2 

83 

6889 

571787 

9.1 104 

4.3621 

260.75 

5410.61 

84 

7056 

592704 

9.1652 

4-3795 

263.89 

5541.77 

85 

7225 

614125 

9-2195 

4-3968 

267.04 

5674.50 

86 

7396 

636056 

9.2736 

44140 

270.18 

5808.80 

87 

7569 

658503 

9-3274 

44310 

273.32 

5944.68 

88 

7744 

681472 

9-3808 

44480 

27646 

6082.12 

89 

7921 

704969 

94340 

44647 

279.60 

6221.14 

90 

8100 

729000 

9.4868 

44814 

282.74 

6361.73 

91 

8281 

753571 

9-5394 

44979 

285.88 

6503.88 

92 

8464 

778688 

9-5917 

4-5144 

289  x>3 

6647.61 

93 

8649 

804357 

9-6437 

4-5307 

292.17 

6792.91 

94 

8836 

830584 

9.6954 

4-5468 

295-31 

6939.78 

95 

9025 

857375 

9.7468 

4.5629 

29845 

7088.22 

96 

9216 

884736 

9.7980 

4.5789 

301.59 

7238^3 

97 

9409 

912673 

9.8489 

4-5947 

304.73 

7389-81 

98 

9604 

941 192 

9.8995 

4.6104 

307.88 

7542  J96 

99 

9801 

970299 

9.9499 

4.6261 

311.02 

7697.69 

100 

lOOOO 

lOOOOOO 

10.0000 

4.6416 

314.16 

7853.98 

lOI 

I020I 

I03030I 

iox>499 

4.6570 

317.30 

8oii.8«; 

102 

10404 

I06I208 

10.0995 

4.6723 

32044 

8171.28 

103 

10609 

1092727 

10.1489 

4.6875 

323-58 

8332.29 

104 

I0816 

I I 24864 

10.1980 

4.7027 

326.73 

8494.87 

105 

1 1025 

II57625 

10.2470 

4.7177 

329-87 

8659  x>i 

106 

1 1 236 

II9IOI6 

10.2956 

4.7326 

333-01 

8824.73 

107 

1 1449 

1225043 

10.3441 

4.7475 

336.15 

8992.02 

108 

1 1664 

1 2597 1 2 

10.3923 

4.7622 

339-29 

9160.8S 

109 

I1881 

1295029 

104403 

4.7769 

34243 

9331-32 

no 

I2IOO 

I33IOOO 

104881 

4.7914 

345-58 

9503-32 

III 

I232I 

I367631 

10.5357 

4.8059 

348.72 

9676.89 

112 

12544 

1404928 

10.5830 

4.8203 

351.86 

9852.03 

113 

12769 

1442897 

10.6301 

4.8346 

355-00 

10028.7 

114 

12996 

I481544 

10.6771 

4.8488 

358.14 

10207.0 

115 

13225 

1520875 

10.7238 

4.8629 

361.28 

10386.9 

116 

13456 

1560806 

10.7703 

4.8770 

36442 

10568.3 

''2     1 

13689 

1601613 

10.8167 

4.8910 

367.57 

1075 1. 3 

J18    / 

^3924    , 

1643032 

10.8628 

4.9049 

370.71 

1093s -9 

Jig 

14161 

1685159 

\   xos^i 

\  A.9^^1 

\  ^1^-85 

III22J0 

120    / 

14400     \ 

1728000 

\   10-9S4S 

\  ^^v■\ 

\  ^n^«y^ 

\w»f*^A 
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kSSSy  Cubes,  Square  Roots,  Cube  Roots,  Circumferences 
AND  Circular  Areas  of  Nos.  from  i  to  520 


Square 


14641 
14884 
151 2Q 

15376 
15625 

15876 
16129 
16384 
16641 
16900 

17161 
17424 
17689 

17956 
18225 

18496 
18769 
19044 
19321 
19600 

19881 
20164 
20449 
20736 
21025 

21316 
21609 
21904 
22201 
22500 

22801 
23104 

23409 
23716 

24025 

24336 
24649 
24964 
25281 
25600 


Cube 


/ 


1771561 
1815848 
1860867 
1906624 
1953125 

2000376 
2048383 
2097152 
2146689 
2197000 

2248091 
2299968 

2352637 
2406104 
2460375 

2515456 

2571353 
2628072 

2685619 

2744000 

2803221 
2863288 
2924207 
2985984 
3048625 

3112136 

3176523 
3241792 

3307949 
3375000 

3442951 
3511808 

3581577 
3652264 

3723875 

3796416 

3869893 

3944312 

4019679 
4og6ooo 


Sq.  Root 


XXXX) 

.0454 

•0905 

•1355 
.1803 

.2250 
.2694 

•3137 

.3578 
4018 

4455 
4891 

•5326 

•5758 
.6190 

.6619 
.7047 

•7473 
.7898 

.8322 

•8743 
.9164 

•9583 
2.0000 

2.0416 

2.0830 
2.1244 
2.1655 
2.2066 
2.2474 

2.2882 
2.3288 

2.3693 
2.4097 

2.4499 

2.4900 
2.5300 
2.5698 
2.6095 
2.6491 


Cube  Root 


4.9461 

4.9597 
4.9732 
4.9866 
5.0000 

5-0133 
5.0265 

5-0397 
5.0528 

5.0658 

5.0788 
5.0916 

5-I045 
5.1172 

5-1299 

5.T426 

5-i.=>5i 
5.1676 

5.1801 
5-1925 

5 .2048 
5.2171 

5-2293 
5-2415 
5-2536 

5.2656 

5-2776 
5.2896 

5-3015 
5-3133 

5-3251 
5-3368 

5-3485 
5-3601 

5-3717 


Circle 


Circum. 


380.13 

383-27 
38642 

389-56 
392.70 

395-84 
398.Q8 
402.12 
405.27 
408.41 

411.55 
414.69 

417-83 
420.97 

424.12 

427.26 
43040 

433-54 
436.68 

439.82 

442.96 
446.11 

449-25 
452.39 
455.53 

458.67 
461.81 
464.96 
468.10 
471.24 

474.38 

477.52 
480.66 
483.81 
486.95 


I 


5-3832  .  490.09 

5-3947  493-23 

5.4061  496.37 

5-4175  1  Aqq-s^ 

5.42a&  \    ^jOi.tit, 


Area 


1499.0 
1689.9 
1882.3 
2076.3 
2271.8 

2469.0 
2667.7 
2868.0 
3069.8 

3273-2 

3478.2 
3684.8 
3892.9 
4102.6 

4313-9 

4526.7 
4741. 1 

4957-1 
5174-7 
5393-8 

5614.5 
5836.8 

6060.6 

6286.0 

6513.0 

6741.5 
6971.7 

72034 
7436.6 

7671.5 

7907. Q 
8145.8 

8385.4 
8626.5 

8869.2 

91134 

9359.3 
9606.7 


3^4 


GENERAL  REFERENCE  TABLES 


Squares,  Cubes,  Square  Roots,  Cube  Roots,  Circuiiferences 
AND  Circular  Areas  of  Nos.  from  i  to  520 


No. 

Square 

Cube 

Sq.  Root 

Cube  Root 

CltCLZ 

Circum. 

<\Ra 

161 

25921 

4173281 

12.6886 

5 -4401 

505.80 

20358-3 

162 

26244 

4251528 

12.7279 

5*4514 

508.94 

206I3jO 

163 

26569 

4330747 

12.7671 

54626 

512.08 

20867J 

164 

26896 

4410944 

12.8062 

5-»737 

515.22 

2II24.I 

165 

27225 

4492125 

12.8452 

5.4848 

518.36 

21382.5 

166 

27556 

4574296 

12.8841 

5-»959 

521.50 

21642.4 

167 

2  7889 

4657463 

12.9228 

55069 

524.65 

21904^0 

168 

23224 

4741632 

12.9615 

5-5178 

527.79 

22167.I 

i6g 

28561 

4826809 

13.0000 

5.5288 

530.93 

2243li 

170 

28900 

4913000 

13.0384 

5-5397 

534.07 

22698JD 

171 

29241 

500021 I 

13.0767 

5.5505 

537.21 

22955i 

172 

29584 

5088448 

13.1149 

5-5613 

540.35 

23235-2 

173 

29929 

5177717 

13-1529 

5.5721 

543.50 

23506J 

174 

30276 

5268024 

13.1909 

5.5828 

546.64 

23778.; 

175 

30625 

5359375 

13.2288 

5-5934 

549.78 

24052i 

176 

30976 

5451776 

13.2665 

5.6041 

552.92 

24328.5 

177 

31329 

5545233 

13-3041 

5-6147 

556.06 

24<'05w 

178 

31684 

5639752 

13-3417 

5-6252 

559.20 

248S4.6 

179 

32041 

5735339 

13-3791 

5-6357 

562.35 

25164J? 

180 

32400 

5832000 

13.4164 

5.6462 

565.49 

25446.9 

181     1 

32761 

5929741 

13-4536 

5-6567 

568.63 

257304 

182     '■ 

33124 

6028^68 

13.4907 

5-6671 

571-77 

26015.5 

183     ; 

33489 

6128487 

13.5277 

5-6774 

574.91 

26302J 

184 

33856 

6229504 

13-5647 

5-6877 

578.05 

265Q04 

i«5 

34225 

6331625 

13.6015 

5.6980 

581.19 

26880.3 

186 

34596 

6434856 

13.6382 

5-7083 

584.34 

27I7I.6 

187 

3496<; 

6539203 

13.6748 

5-7185 

587-48 

27464-6 

ivS8 

35344 

6644672 

13-7113 

5-7287 

590.62 

27750.1 

i8(; 

35721 

6751269 

13-7477 

5-7388 

593.76 

2S055J 

190 

36100 

6859000 

15-7840 

5-7489 

596.90 

28352i) 

1 

36481 

6<)6787i 

13.8203 

5-7590 

600.04 

2S6>2.I 

192 

3r>864 

7077888 

13.8564 

5-7690 

603.19 

28052^ 

1 03 

37249 

7189057 

13.8924 

5-7790 

606.33 

29255-3 

194 

37636 

7301384 

13-9284 

5.7890 

60947 

29><>0.2 

105 

38025 

7414875 

13-9642 

5-7989 

612.61 

29S64.8 

196 

38416 

7529536 

14.0000 

S.8088 

615.75 

30I7I.O 

197 

38809 

7645373 

14.0357 

'«;.8i86 

61S.89 

30480.5 

198 

30204 

7762392 

14.0712 

S.828S 

622.04 

30790.7 

200   I 

T,0(Xil 

7880509 

14.1067 

5.8383 

625.18 

31 102.6 

40000 

8000000 

\    14.1421 

\      ^'^.^l 

V  ^UiS-P 

SQUARES,  CUBES  AND  ROOTS 


365 


AKES,  Cubes,  Squase  Roots,  Cube  Roots,  Circxtmferences 
AND  Circular  Areas  of  Nos.  from  i  to  520 


CrHn.r 

0^ 

Square 

CMht 

Sq.  Root 

Cube  Root 

^^  »^ 

"• 

0. 

Circum. 

Area 

n 

40401 

812060I 

14.1774 

5-8578 

631.46 

31730-9 

>2 

40804 

8242408 

14.2127 

5.8675 

634.60 

320474 

•3 

41209 

8365427 

14.2478 

5.8771 

637.74 

32365.5 

»4 

41616 

8489664 

14.2829 

S.8868 

640.89 

32685.1 

»5 

42025 

8615125 

14.3178 

'5.8964 

644.03 

33006.4 

»6 

42436 

8741816 

14-3527 

5.9059 

647.17 

333292 

»7 

42849 

8869743 

14.3875 

5-9155 

650.31 

336535 

>8 

43264 

8998912 

14.4222 

5.9250 

653-45 

33979-5 

»9 

43681 

9129329 

14.4568 

5.9345 

656.59 

34307-0 

0 

44100 

9261000 

144914 

5.9439 

659-73 

34636.1 

I 

44521 

9393931 

14.5258 

5.9533 

662.88 

34966.7 

'2 

44944 

9528128 

14.5602 

5-9627 

666.02 

35298.9 

3 

45369 

9663597 

14-5945 

5.9721 

669.16 

35632.7 

4 

45796 

9800344 

14.6287 

5.9814 

672.30 

35968.1 

5 

46225 

9938375 

14.6629 

5.9907 

67544 

36305.0 

6 

46656 

10077696 

14.6969 

6.0000 

678.58 

36643-5 

7 

47089 

IO2183I3 

14.7309 

6.0092 

681.73 

36983-6 

8 

47524 

10360232 

14.7648 

6.0185 

684.87 

37325-3 

9 

47961 

10503459 

14.7986 

6.0277 

688.01 

37668.5 

0 

48400 

10648000 

14.8324 

6.0368 

691.15 

38013-3 

I 

48841 

IO793861 

14.8661 

6.0459 

694.29 

38359-6 

2 

49284 

I 094 I 048 

14-8997 

6.0550 

697-43 

38707.6 

3 

49729 

I 1089567 

14.9332 

6.0641 

700.58 

39057-1 

'A 

50176 

I I 239424 

14.9666 

6.0732 

703.72 

39408.1 

5 

50625 

I I 390625 

15.0000 

6.0822 

706.86 

39760.8 

6 

51076 

II543176 

15-0333 

6.0912 

710.00 

40115.0 

7 

51529 

I 1697083 

15.0665 

6.1002 

713-M 

40470.8 

8 

51984 

I 1852352 

15.0997 

6.1091 

716.28 

40828.1 

9 

52441 

12008989 

15-1327 

6.1180 

719.42 

41187.1 

;o 

52900 

I2167OOO 

15.1658 

6.1260 

722.57 

41547.6 

;i 

53361 

I 2326391 

15.1987 

6.1358 

725-71 

41909.6 

12 

53824 

I2487168 

15.2315 

6.1446 

728.85 

42273.3 

13 

54289 

12649337 

15.2643 

6.1534 

731.99 

42638.5 

14 

54756 

I2812QO4 

15.2971 

6.1622 

735-13 

43005-3 

15 

55225 

12977875 

15.3297 

6.1710 

738.27 

43373-^> 

16 

55696 

I3144256 

15-3623 

6.1797 

741.42 

43743-5 

17 

56169 

I3312O53 

15-3948 

6.1885 

744.56 

44115-0 

18 

56644 

I3481272 

154272 

6.1972 

747-70 

444.88.1. 

9 

57121 

^3^5^9^9 

154596 

6.205^ 

\  IS^'^A, 

\  a,^^^i,-\ 

"/ 

S7600 

IJ824000  1 

15.4919 

1  6.2 1 4S 

\  ISV^^ 

\  \<>'^^^* 
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GENERAL  REFERENCE  TABLES 


Squares,  Cubes,  Square  Roots,  Cubs  Roots,  dscuiim 
AND  Circular  Areas  op  Nos.  from  i  to  520 


No. 

Square 

Cube 

Sq.  Root 

Cube  Root 

1               CntcLS 

Orcum. 

1    h 

241 

58081 

13997521 

15-5242 

6.2231 

757-12 

45< 

242 

58564 

14172488 

15-5563 

6.2317 

760^7 

45< 

243 

59049 

14348907 

15.5885 

6.2403 

76341 

46 

244 

59536 

14526784 

15.6205 

6.2488 

766.55 

46 

245 

60025 

14706125 

15.6525 

6-2573 

769.69 

47 

246 

60516 

14886936 

15.6844 

6.2658 

772^3 

47, 

247 

61009 

15069223 

15.7162 

6.2743 

775-97 

4? 

248 

61504 

15252992 

15.7480 

6.2828 

779.12 

48, 

249 

62001 

15438249 

15-7797 

6.2912 

782.26 

4» 

250 

62500 

15625000 

15,8114 

6.2996 

78540 

49 

251 

63001 

15813251 

15-8430 

6.3080 

788.54 

49 

252 

63504 

16003008 

15-8745 

6.3164 

791.68 

^ 

253 

64009 

16194277 

15.9060 

6.3247 

794.82 

50 

254 

64516 

16387064 

15-9374 

6.3330 

797.96 

50 

255 

65025 

16581375 

15.9687 

6.3413 

801. II 

51 

256 

65536 

16777216 

16.0000 

6.3496 

804.25 

51 

257 

66049 

16974593 

16.0312 

6.3579 

807.39 

51 

258 

66564 

17173512 

16.0624 

6.3661 

810.53 

52 

259 

67081 

17373979 

16.0935 

6.3743 

813.67 

52 

260 

67600 

17576000 

16.1245 

6.3825 

816.81 

53 

261 

68121 

1 7779581 

16.1555 

6.3907 

819.96 

53 

262 

68644 

17984728 

16.1864 

6.3988 

823.10 

53 

263 

69169 

18191447 

16.2173 

64070 

826.24 

54 

264 

69696 

18399744 

16.2481 

64151 

829.38 

54 

265 

70225 

18609625 

16.2788 

6.4232 

832.52 

55 

266 

70756 

I 882 1096 

16.3095 

64312 

835.66 

55 

267 

71289 

I 9034 I 63 

16.3401 

6.4393 

838.81 

55' 

268 

71824 

19248832 

16.3707 

6.4473 

841.95 

56 

269 

72361 

19465 109 

16.4012 

64553 

845.09 

56 

270 

72900 

19683000 

16.4317 

64633 

848.23 

57 

271 

73441 

199025 I I 

164621 

6.4713 

851.37 

57* 

272 

73984 

201 23648 

16.4924 

64792 

854.51 

58 

273 

74529 

20346417 

16.5227 

64872 

857.66 

5!' 

274 

75076 

20570824 

16.5529 

64951 

860.80 

58f 

275 

75625 

20796875 

16.5831 

6.5030 

863.94 

59. 

276 

76176 

21024576 

16.6132 

6.5108 

867.08 

59^ 

277 

76729 

21253933 

16.6433 

6.5187 

870.22 

6oi 

278 

77284 

21484952 

16.6733 

,  6.5265 

873.36 

6o( 

279   / 

77841 

21717639 

i^-703i 

\  ^-S^i^^ 

61  ] 

280    \ 

78400 

21952000 

\  (>.^^2\ 

V^ 

SQUARES,  CUBES  AND   ROOTS 
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jtES,  Cubes,  Square  Roots,  Cube  Roots,  Circumferences 
AND  Circular  Areas  of  Nos.  from  i  to  520 


Square 

Cube 

Sq.  Root 

Cube  Root 

Circle 

• 

Circum. 

Area 

78961 

22 18804 I 

16.7631 

6.5499 

882.79 

62015.8 

79524 

22425768 

16.7929 

6.5577 

885.93 

62458.0 

800S9 

22665187 

16.8226 

6.5654 

889.07 

6290 1  J$ 

80656 

22906304 

16.8523 

6.5731 

892.21 

63347-1 

81225 

23149125 

16.8819 

6.5808 

895-35 

63794.0 

81796 

23393656 

16.9115 

6.5885 

898.50 

642424 

82369 

23639903 

1 6.94  II 

6.5962 

901.64 

64692.5 

82944 

23887872 

16.9706 

6.6039 

904.78 

65144. 1 

83521 

24137569 

17.0000 

6.61 15 

907.92 

65597.2 

84100 

24389000 

17.0294 

6.6191 

911.06 

66052.0 

84681 

24642 I 71 

17.0587 

6.6267 

914.20 

66508.3 

85264 

24897088 

17.0880 

6.6343 

917-35 

66966.2 

85849 

25153757 

17.I172 

6.6419 

92049 

67425.6 

86436 

25412184 

17.1464 

6.6494 

923-63 

67886.7 

87025 

25672375 

17.1756 

6.6569 

926.77 

68349-3 

87616 

25934336 

17.2047 

6.6644 

929.91 

68813.5 

88209 

26198073 

172337 

6.6719 

933-05 

69279.2 

88804 

26463592 

17.2627 

6.6794 

936.19 

69746.5 

89401 

26730899 

17.2916 

6.6869 

939-3  + 

702154 

90000 

27000000 

17-3205 

6.6943 

942.48 

70685.8 

90601 

27270901 

17-3494 

6.7018 

945-62 

71157.9 

91204 

27543608 

17-3781 

6.7092 

948.76 

71631.5 

91809 

27818127 

174069 

6.7166 

951.90 

72106.6 

92416 

28094464 

17-4356 

6.7240 

955-04 

72583.4 

93025 

28372625 

174642 

6.7313 

958.19 

73061.7 

93636 

28652616 

17.4929 

6.7387 

961.33 

73541.5 

94249 

28934443 

17-5214 

6.7460 

964.47 

74023.0 

94864 

29218112 

17-5499 

6.7533 

967.61 

74506.0 

95481 

29503629 

17-5784 

6.7606 

970.75 

74990.6 

96100 

29791000 

17.6068 

6.7679 

973-89 

75476.8 

96721 

30080231 

17-6352 

6.7752 

977-04 

75964.5 

97344 

30371328 

17-6635 

6.7824 

980.18 

76453.8 

97969 

30664297 

17.6918 

6.7897 

983.32 

76944.7 

98596 

30959144 

17.7200 

6.7969 

98646 

77437.1 

99225 

31255875 

17.7482 

'  6.8041 

989.60 

77931-1 

99856 

31554496 

17.7764 

.  6.81 13 

992.74 

78426.7 

f 

100489 

31855013 

17-8045 

6.8iS^ 

995.88 

78923.9 

101124 

32157432 

17.8326 

6.8256 

999.03 

79422.6 

101761 

32461759 

17.8606 

6.8i\2& 

\  1002.10 

\  'feo\i\^ 

V 

'i 

JO24OO  1  J2y  68000 

17.8885 

:  6.&3C)9 

GENERAL  REFERENCE  TABLES 


So. 

Squ«. 

Cube 

S<,.H«.. 

C.i.Bc« 

Oceuni. 

Axa 

3't 

103041 

3307616, 

17-9165 

6.8470 

1008.5 

8oqi8j 

3" 

103684 

33386248 

17-9444 

6.8541 

,01,. 6 

8. 433 J 

3n 

104339 

33698267 

"7-9733 

6.8611 

1014.7 

8,939-8 

3'* 

104976 

34011224 

18.0000 

6.8683 

,0,7.9 

81448.0 

3'S 

I0S6JS 

34338115 

.8x1378 

6.8753 

83957-7 

326 

106176 

34645076 

'8.055S 

6.S814 

,024.2 

83469.0 

3'7 

to6gi9 

34065783 

iS.oS-;, 

6.8894 

,027.3 

8398,  .8 

3»8 

107584 

35387551 

i8.,,i8 

6.8964 

lOJO-i 

84496.3 

3'9 

,08241 

3561 1  2&> 

.S.,384 

6.9034 

I033-6 

85013.3 

330 

.089CO 

35937000 

1 8.1659 

6.9.04 

1036.7 

85539.9 

33' 

109561 

3626469, 

18.1934 

6.9174 

'039J) 

86049.0 

33' 

36594368 

6j)144 

86569.7 

333 

11^ 

36926037 

18.1483 

6.9313 

,046  J 

870QIJJ 

334 

■MS56 

37359704 

18.2757 

6.9381 

1049.3 

87615.9 

335 

urns 

37595375 

18.3030 

6.945, 

,052.4 

88,41-3 

336 

ii38g6 

37933056 

'8.3303 

6,952, 

'055.6 

8S668.3 

337 

'135^ 

38373753 

18,3576 

6.95S9 

;  058.7 

89,96.9 

338 

1 14344 

386,4473 

.8.3848 

6.9658 

89717.0 

339 

H49" 

38058119 

iS^iao 

6j)7i7 

,065.0 

90258.7 

340 

115600 

39304000 

18-139' 

6.9795 

,068., 

90791x1 

34' 

1162S1 

3965 1B21 

18^662 

6.9864 

,071.3 

91336-9 

343 

.,6964 

40oii6S8 

,84931 

6.9931 

io74-i 

9,863.3 

343 

1 1 7649 

40353607 

.8.510; 

7.0000 

.077.6 

93401.3 

344 

1 18336 

40707584 

,8.5473 

7.0068 

1080.7 

91940.9 

345 

iiyois 

41063625 

.8.5742 

7.0.36 

.083.8 

93481B 

346 

119716 

4143,736 

.3.6011 

70203 

.087.0 

94014.7 

347 

110409 

41781923 

.3.6279 

7.017. 

,090.. 

94569-0 

348 

,8.6548 

7.o..,l8 

1093-3 

95'l4fl 

349 

I3i8ai 

43508549 

.8.6S15 

10964 

95661.3 

350 

'"500 

42875000 

.8.7083 

7.0473 

1099-6 

963,1.3 

35' 

123301 

43343551 

i8.7^<;o 

7.0540 

,,02.7 

9676,-8 

353 

113904 

436,4308 

,  8.76".  7 

7.0607 

.105.8 

97314* 

353 

.14609 

43986977 

18.7883 

7.0674 

,,06-0 

97867.7 

354 

1253.6 

4436,864 

,8.8,49 

7.0740 

98413* 

355 

136015 

4473R875 

,8.8414 

7.0S07 

1115.3 

9S979-8 

356 

,16736 

45ti8o,6 

.856So 

70873 

,,.84 

99538-» 

357 

127449 

45499393 

,8.S044 

113, .5 

JSS 

/2«id4 

458827.3 

■  8j,3=q 

7!,  006 

"34-7 

I00660 

J59    / 

i-'SSSi     46268279 

i8j,47i 

I    ,,27.8 
\  "^^^ 

^?S_ 

jOo     1 

J9600    46656000 

i»-9751 
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RES,  Cubes,  Square  Roots,  Cube  Roots,  Circumferences 
AND  Circular  Areas  of  Nos.  from  i  to  520 


Square 


/ 


I 3032 I 
I 3 1044 
131769 
132496 

133225 

133956 
134689 

135424 
136161 

136900 

137641 

133384 
139129 

139876 

140625 

141376 
142129 
142884 
143641 
144400 

145161 

145924 
146689 

147456 
148225 

148996 
149769 

150544 
151321 
152100 

152881 
153664 
154449 
155236 
156025 

156816 
157609 
158404 
159201 
j6oooo 


Cube 


47045881 
47437928 

47832147 
48228544 

48627125 

49027896 
49430863 
49836032 
50243409 
50653000 

5 10648 II 
51478848 

51895117 
52313624 

52734375 

53157376 
53582633 
54010152 

54439939 
54872000 

55306341 
55742968 
56181887 
56623104 
57066625 

57512456 
57960603 
58411072 

58863869 
59319000 

59776471 
60236288 

60698457 

611 62984 

61629875 

620Q9136 
62570773 
63044792 

63521 199 
64000000 


Sq.  Root 


9.0000 
9.0263 
9.0526 
9.0788 
9.1050 

9.1311 

9-1572 
9-1833 
9.2094 

9-2354 

9.2614 

9.2873 

9-3132 

9-3391 
9.3649 

9-3907 
94165 

9.4422  • 

9-4679 
9-4936 

9-5192 

9-5448 

9-5704 

9-5959 
9.6214 

9.6469 
9.6723 
9.6977 
9.7231 
9-7484 

9-7737 
9.7990 

9.8242 

9.8494 

9.8746 

9-8997 

9-9249 
9.9499 

9-9750 
20.0000 


Cube  Root 


.1204 
.1269 

-1335 
.1400 

.1466 

•1531 
.1596 

.1661 

.1726 

.1791 

.1855 
.1920 

.1984 

.2048 

.2112 

.2177 
.2240 
.2304 
.2368 
.2432 

-2495 
-2558 
.2622 
.2685 
.2748 

.2811 
.2874 

-2936 
.2999 
.3061 

-3124 
.3186 

-3248 
-3310 
•3372 


Circle 


Circum. 


134.1 

137-3 
1404 

143-5 
146.7 

149-8 
I53-0 
156.1 

159-2 
162.4 

165.5 
168.7 

171.8 

I75-0 
178.1 

181.2 
184.4 

187.5 
190.7 

193.8 

196.9 
200.1 
203.2 
2064 
209.5 

212.7 
215.8 
218.9 
222.1 
225.2 

2284 

23^-5 
234-6 
237.8 
240.9 


Area 


02354 
02922 

03491 
04062 

04635 

05209 

05785 
06362 

06941 

07521 

08103 
08687 
09272 
09858 
10447 

1 1036 
1 1 628 
I222I 
I2815 

I34II 

14009 
14608 
15209 
I5812 

1 641 6 

1 702 1 
17628 
18237 
18847 

19459 

20072 
20687 
21304 
21922 
22542 

23163 
23786 
24410 


GENERAL   REFERENCE  TABLES 


N„. 

Square             Cube 

Sq.  Root 

Cube  Rax 

C»ax 
CircaiD.    |       Am 

401 

160801    '64481IDI 

30^350 

7-3741 

11.59-8 

I36NJ 

1(11604     64q648o8 

JOJ3499 

7-3803 

1263.9 

13693J 

403 

I 61400     65450817 

"■0749 

7.3864 

1166.1 

"75S6 

404 

163216    6sg39i64 

10.0998 

7-30'5 

,369-3 

13B1J0 

405 

164015     66430125 

10.1146 

7.3986 

1171.3 

118815 

406 

i64R.l6  ,66933416 

30.1494 

74047 

"75-5 

,11)46! 

J3 

i6564q     67419143 

10.1742 

74108 

1)78-6 

130108 

166464  167517311 

74.69 

1181.8 

ijo:j, 

40C1 

167281   1  6841.7539 

20.2137 

7411Q 

1184-9 

I3'38i 

4IO 

.68.00     68g2ioOP 

10.3485 

74390 

1388. I 

133M: 

4» 

i6Sqii     69436531 

20.2731 

7-4350 

,191.3 

1336?! 

i6i)744  1699345)8 

10.3978 

74410 

1194-3 

13331: 

4 '3 

170569  !  70444997 

10.3114 

7-4470 

"97-5 

U.l'K? 

414 

'7M''6    70957944 

20.3470 

7-4530 

,300.6 

'346M 

4'S 

173125     71473375 

=0-37  "S 

7-4590 

1303-8 

MiJft; 

4.fi 

T73056    71991396 

20.396, 

74650 

1306.9 

i3'5iS 

4"7 

■73889    7i5ii7'.1 

3o^lo6 

7-47'o 

i3'o-o 

13&57' 

41« 

174734    73°3lfi32 

3044SO 

7-4770 

13 13 -a 

117»S 

Ml) 

'755^'     73S''oo5') 

30.4695 

74819 

1316-3 

'37«5 

4JO 

1 76400    74a8Botxi 

304939 

7-4889 

'3 '9-5 

138541 

431 

17734.     74618461 

10.5183 

74948 

1321.6 

i,!0.-05 

413 

i;MoS4    7;. ^1448 

10.5436 

7-.'i«'7 

.32^ 

1^86; 

42.! 

17S.J39    75686(,67 

20.5670 

7.5067 

,318  jj 

140531 

414 

179776    76235034 

10.5913 

7.5,26 

1333-0 

.41.96 

4^5 

lMof)35  .  76765615 

20.6155 

7-5'S5 

1335-1 

,4,»i 

4-'f> 

1S117''    77.1o«77'' 

30,6398 

7-5»44 

13.38-3 

143531 

41; 

183339,7735448.1 

10.66.10 

7-S30I 

143J13I 

4iS 

,83,84  '78403753 

30.(*8l 

75361 

1344.6 

1438:1 

4i'l 

1^4041  .7SQS35*> 

30.71:3 

7.5410 

1347-7 

144.!45 

4,10 

184000    79507000 

30.7364 

7-5478 

•350-9 

145310 

4.1" 

185761  ,80063991 

30.7605 

7-5S37 

1354-0 

U^Sab 

4.12 

iK'rfi34  iSo62i5(^ 

20.7846 

7-5595 

'357-' 

il65r4 

1S74N9    81183737 

10.8087 

75654 

1360-3 

117^54 

m 

.S8356    S1746504 

30J1337 

7-57" 

1363.5 

1470.14 

4.i5 

1S93J5    83313875 

ioJ(s67 

7-5770 

1366.6 

i4Wt; 

Aif 

190096    83881856 

10JW06 

7.5838 

1369-7 

i4gjoi 

4J7 

190969  1  8345,(453 

7.5886 

1373-9 

.49987 

-l.lS 

191844    84037(173 

10.9  jKi 

7-5944 

1376.0 

i;o674 

i9-'7»f    84604519 

M.qj^i 

^Vbooi 

X'JS.'-., 

15136^ 

jjo 

jfjjftoo    85184000 

30^)7(11 

yT-*«W 

\    \',-K'\\ 
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otBSy  CuBBS,  Square  Roots,  Cubs  Roots,  Cikcumperences 
AND  Circular  Areas  of  Nos.  from  i  to  520 


Square 

Cube 

Sq.  Root 

Cube  Root 

CiRCLS 

ta 

Circum.  | 

Area 

[ 

I 9448 I 

85766121 

21.0000 

7.6117 

1385.4 

152745 

I 

195364 

86350888 

21.0238 

7.6174 

1388.6 

153439 

3 

196249 

86938307 

21.0476 

7.6232 

1391-7 

154134 

i 

197136 

87528384 

21.0713 

7.6289 

1394.9 

154830 

5 

198025 

88121125 

21.0950 

7.6346 

1398.0 

155528 

5 

1989 I 6 

88716536 

21.1187 

7.6403 

1401.2 

156228 

7 

199809 

89314623 

21.1424 

7.6460 

1404.3 

156930 

8 

200704 

89915392 

21.1660 

7.6517 

1407.4 

157633 

9 

201601 

90518849 

21.1896 

7.6574 

1410.6 

158337 

0 

202500 

91 I 25000 

21.2132 

7.6631 

1413-7 

159043 

I 

203401 

91 73385 I 

21.2368 

7.6688 

1416.9 

159751 

a 

204304 

92345408 

21.2603 

7.6744 

1420.0 

160460 

3 

205209 

92959677 

21.2838 

7.6801 

1423.1 

161171 

4 

2061 16 

93576664 

21.3073 

7.6857 

1426.3 

161883 

S 

207025 

94196375 

21.3307 

7.6914 

14294 

162597 

6 

207936 

94818816 

21.3542 

7.6970 

1432.6 

163313 

7 

208849 

95443993 

21.3776 

7.7026 

1435-7 

164030 

8 

209764 

96071912 

2Iw^009 

7.7082 

1438.9 

164748 

9 

210681 

96702579 

214243 

7.7138 

1442.0 

165468 

0 

211600 

97336000 

21.4476 

7-7194 

1445.1 

166190 

I 

212521 

97972181 

21.4709 

7.7250 

1448.3 

166914 

2 

213444 

9861 I 128 

21.4942 

7.7306 

1451.4 

167639 

3 

214369 

99252847 

21.5174 

7.7362 

1454.6 

168365 

4 

215296 

99897344 

21.5407 

7.7418 

1457-7 

169093 

S 

216225 

100544625 

21.5639 

7.7473 

1460.8 

169823 

6 

217156 

loi 194696 

21.5870 

7.7529 

1464.0 

170554 

7 

218089 

101847563 

21.6102 

7.7584 

1467.1 

171287 

8 

219024 

102503232 

21.6333 

7.7639 

1470.3 

172021 

9 

219961 

103161709 

21.6564 

7.7695 

1473-4 

172757 

0 

220900 

103823000 

21.6795 

7.7750 

1476.5 

1 73494 

I 

221841 

104487111 

21.7025 

7.7805 

1479-7 

174234 

2 

222784 

105 I 54048 

21.7256 

7.7860 

1482.8 

174974 

3 

223729 

105823817 

21.7486 

7.7915 

1486.0 

175716 

4 

224676 

106496424 

21.7715 

7.7970 

1489.1 

176460 

5 

225625 

107171875 

21.7945 

7.8025 

1492.3 

177205 

6 

226576 

107850176 

21.8174 

7.8079 

1495.4 

177952 

7 

227529 

108531333 

21.8403 

7-8134 

1498.5 

I 78701 

8 

228484 

109215352 

21.86^2 

7.8188 

1501.7 

I  \'\c^W^ 

9 

229441 

109902239 

21.8861 

7-^243 

\   T^SQ\.^ 

\  V^-i^-v, 

"/ 

230400  1 

JJ0592000 

2 1 .9089 

7.&29T 

\   \5jO^.O 

\  V?>oc^^^ 
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Squares,  Cubes,  Square  Roots,  Cube  Roots,  Circuicpesencis 
AND  Circular  Areas  of  Nos.  from  i  to  530 


No. 

Sq^OAi^ 

Cube 

Sq.  Root 

Cube  Root 

CXKCIS 

Qrcuxn. 

Aita 

481 

231361 

II I 28464 I 

21.9317 

7.8352 

1511.I 

181711 

482 

232324 

111980168 

21.9545 

7.8406 

1514.3 

182467 

483 

233289 

112678587 

21-9773 

7.8460 

1517.4 

183225 

484 

234256 

I 13379904 

22.0000 

7-8514 

1520.5 

183984 

485 

235225 

II 40841 25 

22.0227  - 

7.8568 

1523-7 

184745 

486 

236196 

114791256 

22.0454 

7^622 

1526.8 

185508 

487 

237169 

115501303 

22.0681 

7^676 

1530X) 

186272 

488 

238144 

116214272 

22.0907 

7-8730 

1533-1 

187038 

489 

239121 

II 69301 69 

22.1133 

7-8784 

1536.2 

187805 

490 

240100 

117649000 

22.1359 

7-8837 

1539 -♦ 

188574 

491 

241081 

"8370771 

22.1585 

7.8891 

1542.5 

189345 

492 

242064 

I 19095488 

22.1811 

7.8944 

1545.7 

190117 

493 

243049 

119823157 

22.2036 

7.8998 

1548.8 

190890 

494 

244036 

120553784 

22.2261 

7-9051 

1551.9 

191665 

495 

245025 

121287375 

22.2486 

7.9105 

1555.1 

192442 

496 

246016 

122023936 

22.2711 

7-9158 

1558.2 

193221 

497 

247009 

122763473 

22.2935 

7.921 1 

1561^^. 

194000 

498 

248004 

123505992 

22.3159 

7-9264 

1564.5 

194782 

499 

249001 

I 2425 1499 

22.3383 

7-9317 

1567.7 

195565 

500 

250000 

125000000 

22.3607 

7-9370 

1570.8 

196350 

501 

251001 

125751501 

22.3830 

7-9423 

15739 

197136 

502 

252004 

1 26506008 

22.4054 

7.9476 

1577-1 

197923 

503 

253009 

127263527 

22.4277 

7-9528 

1580.2 

198713 

504 

254016 

1 28024064 

22.4499 

7-9581 

1583.4 

199S«H 

505 

255025 

128787625 

22.4722 

7-9634 

1586.5 

200296 

506 

256036 

1 29554216 

22.4944 

7.9686 

1589.7 

201090 

507 

257049 

130323843 

22.5167 

7-9739 

1592.8 

201886 

508 

258064 

131096512 

22.5389 

7-9791 

15959 

202683 

509 

259081 

131872229 

22.5610 

7-9843 

1599.1 

203482 

510 

260100 

132651000 

22.5832 

7.9896 

1602.2 

20428a 

511 

261121 

133432831 

22.6053 

7.9948 

1605.4 

205084 

512 

262144 

134217728 

22.6274 

8.0000 

1608.5 

205887 

513 

263169 

135005697 

22.6495 

8.0052 

161 1.6 

206692 

514 

264 1 96 

135796744 

22.6716 

8.0104 

1 61 4.8 

207499 

5»5 

265225 

136590875 

22.6936 

8.0156 

161 7.9 

208307 

516 

266256 

137388096 

22.7156 

8.0208 

1621.1 

209117 

517 

267289 

138188413 

22.7376 

8.0260 

1624.2 

209928 

518 

268324 

138991832 

22.7596 

8.03 1 1 

1627.3 

2 1 0741 

S'9  / 

26g^6i 

139798359 

22.7&\(> 

\  &.oT,e»T, 

211556 

520 

270400 

I 4060800c 

)\     22.^03$ 

\  ?».o^\s 
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Table  59.    Tkigonometric  Functions  and  the  Solution  of 

Triangles 

In  the  accompanying  figure  the  trig- 
onometric functions  of  the  angle  A 
between  the  lines  B  A  and  A  C  are 
as  follows; 


sin  A 

^BC 

cos  A 

^AC 

tan  A 

=  EF 

cot  A 

=  G  H 

sec  A 

^  A  E 

cosec  A 

-^  A  H 

ex-sec  A 

=  B  E 

In  the  right-angled  triangle  ABC 
let  a  equal  the  side  B  C  opposite  the  ' 

angle  A;  let  b  equal  the  side  A  C  opposite  the  angle  B;  let  c 
equal  A  B,  the  side  opposite  the  angle  C 

Let  C  =  90** 

The  following  formulae  apply  to  right-angled  triangles: 


Angles. 


sin  A 

OOSil 

tan.'l 


Sides,      a  =f  sin  i4  =6  tan  A 


a  =  V  (c  +  6)  {c-b) 

b  =  ccos.  i4  =-    — - 

tan  .4 

b  =  V\fi-\-a)  {c-a) 


sin  A      cos  A 


c«  V  a^  -{-  b^ 


Oblique  Triangles, 

Note.  Where  an  angle  is 
more  than  90**  its  sine,  cosine, 
and  tangent  are  equal  to  that 
of  the  angle  (180°  —  the  angle 
in  question);  that  is,  if  the  sine 
of  1 20**  is  desired  take  the  sine 
of  (180*-  120**)  =  6o^ 
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Given 


A,  B,  a 


Desired 


C,b 


Cy       K 


A,  dyb 


ByC 


FonnuUe 


C  -  i8o  —  M  +  B);    b 


Sin  (A  -\-B);K^ 


sin  B 


sin  A 


sin  A 

<i*sin  JgsinC 
2  sin  .4 


sin  5-  -—  b;    C  -  iSo**-  (A  +  B) 
sin  C 


sin  A 

Two  solutions  are  possible  with  B'  as  an  acute  angle 
and  B  as  an  obtuse  angle 


C,  d,  b 


iiA+B)      i{A-\-B)  =9o*»  -  iC 

a  -b 


i{A-B)      taniU--^) 
A  B 


tan  i  (^  +  ^} 


a,  by  c 


B 


a  +  6 
A^\{A  +B)  ^\{A  -  B) 
B^\{A-\-B)  --lU  -  B) 

^  =  ^^-*^sinV(^r-5) 
A'  =  J  a6  sin  C 

In  the  following  formula  s  ^  \  {a  -\-b  -\-c) 
siniB    =i/  (f^  ")  (^  -  0 


oc 


sin  ^ 


V  5  (5  —  a)  (5  —  6)  (j  —  r) 


dc 


A'  =  Vs  is  -a)  {s  -  b)  (s  -  r) 


NATURAL  TANGENTS   AND   CO-TANGENTS      ,J7S 


Table  60 

0° 

10 

2= 

3 

Tan. 

CO-IJIK. 

Tam. 

Tam. 

Co-tak, 

"7 

«»oo 

InBoitt. 

.01746 

s 7. 1000 

~^Z^ 

.8A363 

0S.41 

19.0S11       6 

J«oa9 

-0177J 

J6.3S06 

18.3094 

«oj8 

.718-870 

.01804 

.8,1664 

OJJ99 

18-B711 

AOoST 

,01833 

05318 

18.7678 

.001  le 

'ssIa^ 

.0.8bi 

53:7086 

.8.6656 

687.S49 

-olSoi 

SI-S811 

17.4800 

05^? 

■8.5645, 

S10807 

05416 

03696 

i?o^ 

Sailejs 

8 

S^^mBj 

■H.1677 

ja;:i7. 

49-8 1S7 

^Ite? 

J.10J6 

03783 

16,4316 

484"! 

03811 

16-1106 

OSS61 

17.0801 

«H!> 

i8«l,78 

47-7305 

03841 

.60307 

-OSSDl 

17,8863 

"jrs 

3^4-441 

s 

03871 

is-8348 

OS610 

15-6418 

05640 

■004J6 

"gill' 

S 

OS678 

17.6106 

i6 

«46i 

..;«s8 

'VdZ 

OS708 

I? 

44-6386 

039S7 

150798 

•8 

i9a!ijS4 

.01160 

440661 

.4*078 

o"66 

■OOH3 

iSo^iJl 

.01998 

43.5081 

%%l6 

14-7185 

0579s 

.liiJsB 

«J8. 

■  71.88s 

ii.Ji.8 

4.^*4. 

.4.541S 

oj8M 

17.1693 

,013  J  J 

04104 

14.367s 

oj8s4 

17-0837 

.S6:.S!. 

*J3^ 

04  "33 

05883 

™66o 

1494*5 

41.4106 

04161 

MO163 

16.91SO 

.eet^ 

-01444 

40-9174 

13-8593 

16.8310 

40.4358 

13-6045 

OS070 

i6.)406 

it 

aojjS 

39-0655 

16.6O81 

«.78S 

■<"SJ' 

39-SOSO 

Z^ 

,6.5874 

iS 

A>Sl4 

-OlStO 

r^if. 

131137 

16.5075 

.<»S44 

.0.580 

■  6.4183 

*> 

■ooSn 

"4:«<. 

01610 

,8.i8Ss 

ZM 

iiiSJU 

■00031 

™?1?s 

01648 
01617 
-01706 

37.76S6 
36^9560 

3S 

lljjjj 

01 73  J 

3S-5S17 

0^3 

":J^I 

06.33 

16,043s 

JS 

98-2170 

01764 

36-1776 

ii,,640 

-o6i.M 

•s-cihi 

36 

OSiSvS 

03703 

3S.goo6 

-»6i8 

J' 

g>9085 

018 11 

5,30018 

tin^ 

J8 

^"js 

"■■*«33 

%■& 

jiJoos 

.18865 

.IBSOS 
.18915 

5-30080 

..06J0 

4.83500 

40 

.01164 

Ss'oj^ 

iv^\ 

|3|435 

01939 

j.<H9ei 

..a;55 

.»7JO 

.:8.47i 

019&8     5-8>9M 

,18986 

S-1671S 

-10800 

:^l'to 

79W34 

5&J953 

5-1S88C 

.«830 

78-1163 

■03=73 

579944 

:iS^46 

5-15048 

.»86t 

4S 

01J73 

5.78938 

.19076 

-10891 

46 

fl.jjS 

S -77016 

..0.06 

-1001 1 

4:77078 

*l 

-0136? 

i.76937 

.19136 

5-11566 

.10951 

48 

.01306 
01484 

II.61J1 

■ii 

5  7J941 

5.73960 

.10.66 

S-IOOIS 

S-10I07 

:»"073 

;;S 

66:|^!' 

;i74»3 

:\VM 

tK 

3:73851 

UisH 

ss 

::£; 

6>-4(Si 

■;"43 

5*9064 

■|0-MJ 

IS 

iiiiej 

4-71490 

S6 

Jl620 

61.JS6 

:.76o3 

S-M004 

:.Si>8 

5-15156 

-11115 

ly 

i'S 

Sir* 

5.6)lrf 

.■9438 

.11IS6 

A,10^i  k 

lg] 

CO-IAN. 

Tam. 

no 

=MUl 

'V- 

'/ 

.M*>../ 

■Tm. 

374 


GENERAL   REFERENCE   TABLES 


Given 


A,B,  a 


Desired 


Aj  a,  b 


C,  a,  b 


a,  b,  c 


C,b 


c,  K 


B,C 


Fonnulc 


C  -  i8o  —  U  -f  B);    b 


sin  (i4  -h  B);  K^ 


sin 


sin  A 


sin  A 

g*  sin  B  si 

2  sin  V 


sinB'^^^b;    C-iSo^'-C^+J 


sin  C 


i  (A  +B) 

HA-B) 

A  B 

c 
K 


sin  A 

Two  solutions  axe  possible  with  B'  as  an  acute  u 
and  B  as  an  obtuse  aAgle 


\{A-\-B)  -90»  -  iC 
tanJM-B)-^5 

sin  i  (^  +  B) 
sin  J  (yl  —  B) 


taxi\(A'\- 


B 


K 

=  J  aft  sin  C 

In 
sin 

sin 
A' 

the  following  formula  j  -* 
J  B    .y/  (^  -  ")  (*  - 

2  V  ^  (j  - 

a)  (s  - 

-b)  (s- 

i^    .... 

ac 

=  v.'  (i  -a)  0 

<-b)  ( 

s-r) 
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( 

1 

2? 

3 

CO-TAH. 

T*... 

t^""- 

Tam. 

CO-T»H. 

Tax. 

Co-TAM. 

so 

Infinilt. 

n,,^ 

JJ3401 

.8.6363 

_o,,^. 

.008.. 

i6^3So6 

.8.3994 

18.5755 

Si 

.01804 

.8.156* 

05.99 

.8,87.1 

»7 

.0.833 

Mj6ii 

05328 

.8,7678 

8S9-436 

.01861 

53.7086 

.8.6656 

687.340 

SJ.882I 

03638 

27.*8«5 

05387 

18.56*5. 

SI' til 

.03667 

os4'6 

.8-,645 

401.106 

il«4* 

51.3032 

.03696 

j?o]66 

.8.3655 

J..O78 

50.548J 

.6A*So 

.8,Mi77 

61 

3».^n. 

40.SIS7 

J37J4 

.6.6367 

.8.1708 

oJ^ 

JJ3783 

.80750 

48.41.. 

.038.2 

.6.1.96 

0SS62 

.7,0802 

% 

>B6.47B 

.038*. 

S3 

■  7.S863 

>64..41 

*l'^f, 

.038J. 

tl^ 

46.«S« 

.5.6*18 

056*9 

17.7015 

45J.M 

05678 

17.6106 

6S 

.14*58 

0JO5S 

05708 

^'6386 

.03937 

05737 

T4'^ 

0.260 

4**661 

2*.8578 

057O6 

J...03 

1£,\6 

.4.7185 

17..5S8 

s> 

\Tim 

02J.8 

"■^1^1 

17.1603 

■63,700 

41.4335 

.43675 

05854 

170837 

40 

IS6.2S9 

.02JS6 

4lOi;8 

05S83 

5 

.«5-.6! 

4M'oe 

04. 6. 

.*"o.5i 

s 

.0.444 

.J  .8553 

0554  ■ 

40.4358 

.6.5581 

16.5874 

0.560 

35:0568 

.6.5075 

118.1*0 

aij80 

386.77 

230577 

.6.4283 

■  M.SSO 

0.6 1  g 

3S-I8SS 

.04366 

..^«38 

06.16 

.6.J495 

i' 

l.o*(« 
107 .4'6 

:^.677 

31  3570 

061*5 

It'l" 

60 

.0.706 

36^)560 

o6i.04 

16,1190 

s 

22,3081 

'^^il 

58."  179 

i^jej 

36I776 

!s:^7 

47 

«S489S 

35.8006 

15^045 

?6 

BJ.908S 

21.88.} 

063.. 

■  5.8.11 

o»8si 

i':^! 

.06350 

15.7483 

H 

Slt36 

.0.83. 

21:6056 

06375 

.5.6,6. 

8s-ejoS 

J)9IO 

M.^78 

4.4658 

06408 

.5  60,8 

iiUss 

:js^ 

0*587 

a  1.3369 

06437 

8.A,7o 

33.6935 

.047.6 

.i.»49 

06467 

■  5:i638 

1^ 

7«.MM 

33  3*62 

06496 

78..J63 

.030.5 

'J.%IS, 

0652; 

04803 

06554 

3* 

i^ 

0483. 

»-6i3' 

06584 

.5:.893 

67 

.0486. 

K.56,. 

066.3 

«6 

71.61SI 

0480. 

JO  .446  5 

06641 

3<.S>84 

06671 

uoSoS 

M.\'di 

it 

J.4578 

^.087. 

14,8596 

66.IO(J 

30.6833 

64.8580 

.03.88 

30.4.16 

.05037 

Htm 

1*7317 

6j.6s6j 

03JI7 

30.1446 

.*.6685 

03346 

.5.88.3 

06847 

l*,6o«J 
14,5438 

«i.}Bio 

.5.5.56 

06876 

J8 

60.JOS8 

OSIS3 

U...*.-.T.V 

Br 

».i6j* 

45181 

'lO^WJ 

X'"-''''^ 

Id 

JS..6,,     ^3463 

»8.8771   1  *5"2 

\  l.)-I»lq\    .OW- 

iW^^ 

-/ 

28.6363  .1  .OS2,. 

\  ,,.o».vV  ^*.» 

J 

.'■-   1 

:o-T^. 

Tan. 

;c...,. 

;\"^ 

V- 
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12» 

130 

U» 

1S» 

T*N. 

CO-IAH. 

T*».      U 

O-IAK. 

Tah. 

CO-TAK. 

Tah. 

Oyut 

g 

i;1 

4-70463 

..30«J       < 

33^*8 

.a«l33 

4411078 

j6»j 

J-7J» 

■»4964 

4«.i8. 

.168.6 

4:6^!!! 

!ljl48       • 

44x>o86 

jr6S5T 

!jjoj6 

.161188 

].7.^ 

4^?7«* 

30860 

.>Sos6 

J«(.» 

3.7  M7 

I 

.114DS 

.1I4J8 

,.67»' 
4-M4SS 

15'"       ; 

.JS087 

3<»OJ 
34«MT 

igj 

V^v 

.gi^bV 

4.65Mr 

■13301       . 

»B'J9 

.1514* 

34>i6.r 

3-70  >8 

4.6MJ8 

>ssos 

.9;  I  So 

J7044 

34*76 

4-6448° 

^'"e'    '. 

»803> 

JtwJ? 

.97076 

34»33 

4-638»S 

3^-61 

36800 

4-6J17I 

.6(.ii 

34»j68o 

J7.3B 

3J»48 

^filSbS 

163s  I 

JSJD4 

J4>Sip6 

.97.69 

3.6<o6 

'.iH»}.     4 

3447 13 

3A763 

:il6Si 

..3S16    . 

'^sitl 

3JS7.i 

\l 

J^JJJ 

^^685 

iiH^a 

J«17l 

J7963 

J79M 

iSS 

Ijs^sj 

JJmI    ! 

'338^ 

JJJrf 

3.6W1 

:.<8l^ 

4'5B64i 

J 3630    4 

JMOO 

341.3  "6 

J73J7 

J^Sil 

4.s8o°. 

..3670    . 

JI48' 

34>l83« 

.9T3M 

3.6SI1 

:"m1 

4 5)36 J 

34»3*4 

jAtTO 

\\ 

..18,5 

4-s67»6 
4-s6d«i 

il'  : 

i: 

,JSSS3 

3*^ 

J«04I7 

11 

».64>l 

3-Sl»7 

:'lg^ 

4.554jS 

K.198 

■>S64S 

3.8QMI 

]Jl346 

.»^ 

.15676 

3il»74 

3.6304 

'l^ftM      4 

.15707 

3Jt9~4 

JJJ76 

J.6.63 

A-iiitA 

.13H85     ' 

1867s 

..sua 

3.SSSJ6 

-97607 

JJ..91 

:j»;8 

..S76B 

3.8S068 

J763B 

3A18I 

..s8oo 

3.8,601 

J7670 

3.61*0 

17064 

.95831 

3.87136 

3AWI 

% 

'"^Z 

-■""■ 

:i.4oos  - 

I6S30 

..S86. 
..S*03 

3«67i 

3.86  kS 

J7J3» 

JTT64 

3A>ii 

1&..8 

3' 

ij'bl 

1:1^5. 

:S ; 

ilSSj 

^illSJ 

SiS 

j.»3; 

4!4S6w 

:i?Sl6 

3.848.4 

3tg 

3.5896 

4.47086 

13877 

..601 J 

3.843*4 

3.J8J6 

..6048 

3«3(«>6 

J70W 

3-J816 

JH 

■ii^'' 

4'46'764 
4-461 J  J 

S  ; 

1. 301 

!]6I4I 

3.8344!. 
3«i»i 
3.81337 

JSoiJ 

3.5773 

1I.J6 

i»**i 

J8046 

1.5«I5 

4-443JS 

.0736 

3.8.630 

j8o,j 

J.s6i5 

.>'I.!6 

..6.3S 

J.81177 

..Sio, 

3557* 

!34408       J 

>o6«o 

3A>716 

JS140 

33J36 

^Z 

.«Sn»7 

3-540* 

4  4)»6 

08666 

.163.3 

3  708.r 

;.s»j 

.16339 

70378 

.98.34 

2t6M 

;8fl3i 

.1S966 

3.5378 

jtl 

.atibi     > 

:.6j» 

7848J 

-l8.!.7 

78040 

J8J.9 

:»78. 

4:i8l>6fl 

^16483 

j8j6o 

3  3960( 

J.' 

.,>»n 

4.]8j8, 

■•s&  \ 

°n»6 

.1651 J 
..6346 
.16c  7  7 

7616S 

..83«l 

.98493 

iJJal^ 

4^.l'*'3 

0JJ8, 

..6608 

758.8 

3.5105, 

.16630 

75388 

.98317 

3.5066. 

:>4'Ug       . 

..66m 

740SO 

:» 

I^JiSTl. 

'is74 

.16701 

%^ 

ss 

J-'*^ 

i»^i  ; 

.1576 

■^6-™ 

^ 

736W 

J8611 

.rf«43 

3.4«Sa( 
3-4019; 

i"; 

..i«.,- 

4:.fJi4« 

'14033  [  < 

i.6WS 

.1.73105 

.1867] 

5-48741 

'/ 

77 

,^-j 

— ve^ 

Tas. 

r-" 

\ 

15 

T*». 

^J«» 

If? 
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.j8t6« 


jiiJa^B  ! 


j-jMri.    '■ 


■B 


j=-r8j 

JjasS 

.«.i.j. 

><»:j8 

-3J4^ 

jjnSj 

1.0«lSB 

-jwij    i-vtsw 


1171  I  »-;" 

JW,t7  1  ».7ll 


l^?l 


-JMI8 

-30S4I 


'  JCO-TAH-        Tak.     jCo-Tts:      ^ 

I         73'         (  T'" 


-i«*  \ 
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20" 

21»         1 

220 

23- 

Tas. 

Co-iu'. 

Co-r^. 

Tan. 

CO-TAK. 

Ta». 

Co-IAll- 

J, 

.3630: 

j.7«4a 

.38386 

,^309 

.40403 

,47  JOB 

■4J44T 

,-35)8, 

to 

.384" 

i..6o"83 

.40436 

.4,481 

lEllI^ 

.3B4S3 

J.600S7 

.40470 

1.4700s 

Itxob 

.38487 

>.J08,1 

.40504 

I.46SS8 

)-737S6 

.385» 

J.S9606      .40538 

1.466S1 

.41585 

'.34»'S 

j« 

ijftSftJ 

■38J!3 

".S03B. 

JOJJl 

.4,610 

,.J46J6 

6 

..16WS 

j"7J»03 

-38J8J 

J-J9IS6 

.4o6o« 

H6170 

.41654 

,34441 

.jMlH 

.386)0 

".5893" 

40640 

,.46061 

.4,688 

,.J4,S» 

1 

-]86.M 

".jStoS 

.40674 

IJS860 

,34069     !, 

'3M«4 

J.lijift 

.i»6»7 

1.58484 

'.43655 

1.33M1     !■ 

■3670 

,387"  I 

1.58161 

,33693     P 

.367611 

a.)™j6 

.38734 

1.58038 

1-4.^146 

1  jjws     U 

-,1*793 

1.7i;9» 

.3878, 

1.S78.J 

|4o8o» 

•1 

.3«l«i 

'.71M8 

.38SJI 

H4RJO 

-41844 

1.33130 

.jnsso 

>.7>3>>S 

.38854 

.40877 

,.44636 

4 

.^° 

.38888 

IS 

,1 

.I6OJ5 

a.701119 

■380"l 

'.56918 

JO04J 

J -44,30 

,3,570 

.3AQSS 

.38(..<J 

l..S*TOT 

■40970 

1.44017 

-430J' 

'-3,383 

.36901 

..)8«88 

'.56487 

^lOl] 

1.438,5 

-43067 

1.56166 

'.43613 

J-6o«JJ 

,56046 

1-434" 

-43116 

1.I1B16 

4" 

■39089 

1.53817 

'-43'W 

.-31641  '  K 

"A937' 

'.55608 

1.43019 

-43105 

,-31456 :  ]i 

IJSOUI 

39'!6 

J.S.I389 

.41183 

il 

■37iS6 

..WW,, 

■39' 13 

J  34734 

■ji'li 

,.41618 

-43308 

-43343 

1:^8 '  t 

■.17»'*9 

..«ijj 

■39590 

,545  "6 

-43178 

a.341W 

■4' 353 

1.41810 

J -67  700 

1 .54081 

.4-387 

H1610 

:37ii« 

J*74«» 

1.S386J 

-4348. 

':'g984     .B 

■394IS 

,-33648 

-43516 

3W>9Xa 

■39438 

■41400 

S8 

,.«|619     li 

:3M«i 

a. 607!" 

,-«o8i7 

'-'WJ7  1  ■: 

S/*.,16 

^OTj'fi 

'.5300. 

aWA 

1.40610 

-436« 

J.66)»I 

1.51786 

"43654 

'.W>73  ■  IS 

ji     jisi" 

a. 66046 

1-401 JS 

-41689 

1.18891  ;  b 

lAtSlT 

.^>6 

,-40038 

Jb  :  '-"V^ 

■30660 

.41604 

1-39841 

-43738 

iJsils   \] 

iJ5sJ4I 

.41718 

,.30645 

■4370.1 

'-,8348  11 

>AS,«, 

-418)8 

jA,S7J 

-.15711 

i.jrsoi 

». 30,33 

-41S6, 

,-,T0«7     r< 

tl     -'17^  JO 

J.M64J 
1*44 10 

.3o;o.': 

..W>8i9 

,.51,891 

iz 

•,'S'. 

-43S07 
-4H)3' 

i!i;6rt  ;  1; 

,W«6» 

j!soH64 

.41899 

,-j8668 

43066 

.39896 

'.S06SI  1 

.4.'...3 

1.3S473 

'>.U»7 1 ;: 

46  1  .i;o» 

ill 

.W..JO 
.39<X>3 

.41008 

1.38170 
1-.18084 

^44036 
.44071 

,.,7088  i  11 

48  ,  '.ii^ 

I'.^'ll  1 

■4".* 

'-37H1.1 

J:6ijl 

1.49S07  , 

.4»;o 

■44140 

"  1  '.'mS^s 

.40061 

.4,10s 

,.,6^74  1  " 

11  ,  ..i)lo»> 

■40098 

'.40)86 

-44110 

,.1AI06       0 

;>     -IKIH 

l.,bai8       S 

S.I      jSt!] 

'^X<A 

,:4Hi67 

a-3691S 

-44170 

.15840      : 

si  ■  ..iNlUft 

'■367,13 

,.,.5661  [   t 

^1  1  ■.iR'ia 

.A1646 

'itlUo 

.4"76 

'..Aui 

iiS 

,..5486'    .■ 

il     .J«»J 

..e.4iit 

l-48.i40 

,-36340 

,-,53«.       - 

»j     ^i8ft 

.40301 

1.48,3, 

.4134" 

,-j6ij8 

-44418 

.-J5131       i 

S8  1  .JUJK. 

2.ftO06.t 

.403  J  5 

1.4T014 

.41.179 

,-15967 

-44453 

'..49!*       ' 

3.607.11 

.40360 

'-35776 

-M4^ 

'■,47»o;    ■ 

*)  .  ..rfj»i 

I.&1J09 

1-47SM_ 

,.3,385 

-445>J 

1.14604  1    c 

'C 

..-mT/ 

Tam.    . 

cl^hZ 

T*S. 

,t..  TM 

\     Till. 

\Co-tm 

^    -V™. 

V 
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Tub.     Co-iAjf.      Tak.      Co-t*k.      Tan.      Co-t*h.      Tan.     Co-tah. 


44Sli 


■^3? 


-4560S 
■45678 


-f^ 


>»>>8 
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JiJOOl      .ST5»I> 


..56(iij    I; 


^  toT«  1 


-644:1    *• 
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3 
Tak. 

CO-TAH. 

3 

T«.. 

3" 

CO-TAM. 

3 

'L.„. 

3 

Tab. 

5" 

6i5>7 

S;l 

63503 

1 

»37S9 
638*1 

6JQ» 

a»53 

»30M 

1^35 

k; 

541JB 

g 

(M363 

64«>4 

« 

6«>S 

K 

s; 

64M1 

■  ■6-M 

;:» 

J'»6« 

"■SSSP3 

;:» 

i.S«i86 

..SS.&4 

1-(J676 

iS 

i.S6g6S 

:» 

1.S6466 

;a 

1.JSM6 
ilS 

i.s!.6e 

IS48?3 

iS 

1.54478 

JiSt»3 

13 

*SJ3' 

*5]M 
-6S3SS 

12 
a 

.65646 
.65688 

.65710 
.6S7J1 
*58tj 

g 

^o6i 

si 

.66171 
J»3M 

S3 
SX 

.66534 

S! 

AMso 
•66691 
Ji6734 

ffiS 

.66(o> 

*6944 
.66986 
Ji70i8 
.67071 
*7li5 

:|S 

1.53400 

is 

■-SIM6 
..51850 

ill 

i.soojS 

iSi 

'■4566'  1 

..40566 

1:«3?8 

is 

ii 

JS7536 
Jij66j 

.678  J  5 

as 

jWooj 
1? 

s 
II 

.6«!57 

B 

J»gl4 

.68857 

i 

r: 

A915J 

P 

.60319 

.6oioj 

SSI 

.6063. 

S: 
Si 

ii 

1.4J60J 

J-4VJJ8 
!l6^i 

I-46S95 
.46503 
1.4641. 
..,6jB 

;:iS 

1.45681 

iii 
;:« 

1.44S08 
[44508 

i:.388. 
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Table  63.    Giving  the  Weights  of  Diffekekt  Materials  pe 

Cubic  Foox} 


Matbual 


n 


It 


II 


n 


(I 


Ash  timber \ 

Brick  (pressed) 

"     (common  building) 

Cement  (Portland) 

"      (Natural 

Concrete  1:2:4  Mixture  (Trap  rock) 

(Gravel) 

(Limestone) 

(Sandstone) 

(Cinder) 

1:3:6  Mixture  (about  5  lbs.  less) 

Earth  (common  loam,  loose  and  dry) 

(common  loam,  moist  and  rammed) . . 

(sand  or  gravel  loose  and  dry) 

(sand  or  gravel  ranmied) 

(sand  or  gravel  wet) 

Hemlock  timber 

Hickory       "      

Iron  (cast) 

"     (wrought) 

Maple  timber 

Oak         "        (white) 

(black) 

Masonry  (dressed  granite  or  limestone) .... 

(mortar  rubble) 

(dry  "       ) 

Pine  (white)    

(northern  yellow) 

(southern  yellow) 

Steel 

Water 


t( 


(( 


(( 


(( 


ti 


(( 


t< 


(( 


Weight  per  Co.  Ft. 


75 
SO 


40 
150 

to  90 
to  56 

1 55 
152 
150 

145 
no 

70 

100 
100 
120 
120 

25 

50 
450 
480 

50 

48 

40 

165 

155 
125 

25 

34 

40 
490 

62.5 


lbs. 


II 
<( 

« 
<< 

(( 
It 
ti 
« 
tt 
<< 
it 
(( 
(( 
•i 
ft 
tl 
it 
>( 
(( 
« 
i< 
(( 
<( 
•  ( 
ti 
(t 
(i 
ti 


Miscellaneous  Weights 

I  bbl.  Portland  cement    376         lbs. 

I     '*    natural        '*         235  " 

I  gal.  water  "         8-345    ** 

^  For  weight  of  road  rocks,  see  Tables  ai  and  32,  pa^e  99. 
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Table  64.    Giving  Moduu  of  ELAsncrry,  Working  Stress 

AND  Ultimate  Strength 

Moouu  OP  Elasticity 


Material 


Lbs.  per  Sq.  In. 


Concrete , 

Hemlock 

Iron  (cast) 

Iron  (wrought) . 

Oak 

Pine  (white)  . . 
Pine  (yellow)  . . 
Steel  (medium) 
Spruce 


2,000,000 

900,000 

17,500,000 

29,000,000 

1,500,000 

1,600,000 

1,600,000 

30,000,000 

1 ,600,000 


WORKIMG  StUCSSXS  IN  LbS.  PES  SQUARE  InCH 


Matmal 


Concrete 

Hemlock 

Iron  (cast)  . . . 
"   (wrought) 

Oak 

Pine  (white) . . 

*'     G^ellow)  . 

Steel  (medium) 

Spuce 


Tension 


60 

600 

3.000 

10,000 

1,200 

700 

X,300 

12,000 

800 


Compression 


600 
W.  G.»  600  A.  G.«  ISO 

X  8.000 
8.000 
W.  G.  x,3oo  A.  G.  500 
W.  G.  700  A.  G.  200 
W.  G.  1,200  A.  G.  3SO 

X2,000 

W  G.  800  A.  G.  aoo 


Shear 


60  to  100 
W.  Gt  100  A.  G.  600 

S.ooo 

8,000 
W.  G.  300  A.  G.  1. 000 
W.  G.  100  A.  G.     soo 
W.  G.  ISO  A.  G.  1,250 

I2,CX>0 

W.  G.  100  A.  G.     7SO 


Ultimate  Stiength  in  Lbs.  pee  Squase  Inch 


Material 


(Concrete 

Hemlock 

Iron  (cast) 

"     (wrought). 

Oak 

Pine  (white) . . . 

"  (yellow;  . . 
Steel  (medium) 
Spruce  


Tension 


300 

6,000 

x8,ooo 

S0.000 

12,000 

7/xx) 

12,000 

60,000 

8,000 


Comi^ession 


3,000 
W.  G.  6.000  A.  G.  600 

90.000 

40,000 
W.  G  7.000  A.  G.  2,000 
W  G.  s.Soo  A.  G.     700 
W.  G.  7,000  A.  G.  1.400 

60,000 
W.  G.  6,000  A.  G.     700 


Shear 


1300 
W.  G.  3SO  A.  G.  2,500 
ao,ooo  to  30,000 
35,000  to  55. 000 
W.  G.  800  A.  G  4.000 
W.  G  400  A.  G  2,000 
W.  G.  600  A.  G.  5,000 

50.000  to  70.000 
W.  G.  400  A.  G.  3,200 


»  W.  G.  —  With  Grain. 


'  A.  G.  —  Across  Graixi. 
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Table  65.     Uniform  Beams.    Maximum  Bending  Moment 
AND  Deflections  (Simple  Cases) 


Case  I.     Beam  with  ends  free.    Single  concentrated  load  P  in 
middle  of  span;   weight  of  beam  disregarded. 

The  maximum  moment  occurs  at 
the  center  of  the  span. 

M    -^ 

P       4 

The  maximum  deflection  occurs  at 
the  center  of  the  span. 

PP 


Concentrated  Load  in 

Cen- 

^       4SEI 

ter  of  span 

Where  D 

—  the  deflection  in  inches 

P 

»  load  in  pounds 

I 

«=  span  in  inches 

R 

«  modulus  of  elasticity  in  lbs. 
per  sq.  inch 

I 

■=  moment  of  inertia  in  inches* 

M, 

=  maximum  moment  in  inch 

pounds. 

Case  2.  Cantilever  beam  con- 
centrated load  P;  weight  of  beam 
disregarded. 

The  maximum  moment  occurs  at 
the  support. 


M 


Cantilever  Beam 


P 
D 


PI 
PP 


Case  ?.     Beam  with  ends  free.     Uniformly  distributed  load. 
The  ma.ximum  moment  occurs  at  the  center  of  the  span. 


Uniform  Load 


M-' 


m 

8 


The  maximum  deflection  occurs  at 
the  center  of  the  span. 


D 


_S__WP 
384  £/ 


\w\.Yve?ft  ^xm>3\'at'W  ^^s^saNs^^Va.  total 


UNIFORM    BEAMS 
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Case  4'    Cantilever  beam.    Uniform  load  W 
Maximum  moment  occurs  at  the 
point  of  support. 

Wl 

2 


M 


The  maximum  deflection  occurs  at 
the  free  end. 


D 


SEI 


Case  5.    Beam  with  fixed  ends,  concentrated  load  P  in  center  of 
span ;  weight  of  beam  disregarded. 

The  maximum  bending  moment 
occurs  at  the  points  of  support  and 
at  the  middle  of  the  beam. 


8 


D 


PI* 


192  EI 


Case  6.    Beam  with  fixed  ends  and  a  uniformly  distributed  load. 
Maximum  bending  moment  occurs  at  the  supports. 

M'  =  m 

12 

M  -  m 

Maximum  deflection 

Wl* 


384  £/ 


Resisting  Moment  of  a  beam  is  expressed  by  the  formula 


M. 


E 


Where  M^  *  moment  of    resistance  in  inch 

pounds 
p      ^  maximum  allowable  fiber  stress 

in  lbs.  per  sq.  inch. 
/      «  moment  of  inertia  of  the  beam 

in  inches* 
e      =  distance  in  inches  from  the^<i.v\.- 

ttaV  ax\s.  Vo  \>cvt  oviXs.'t  "^^^^ 
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Table  66.    Centers  of  Gravity  of  Ordinary  Plane  Fkcnss 


S<|uares,  rectangles,  parallelograms.  Center  of  gravity  is  at 
the  intersection  of  the  diagonals  or  midway  between  the  bases 
on  a  line  drawn  between  the  centers  of  those  bases. 


Triangles 


Center  of  gravity  is  at  the  intersection  of  the  medial  lines 
a  b  and  c  d;  a  medial  line  is  a  line  drawn  from  any  apex  to  the 
middle  of  the  opposite  side  The  distance  h  (C.  G.)  ^\  ah;  that 
is,  the  center  of  gravity  is  on  the  medial  line  \  of  the  distance  from 
the  base  to  the  apex. 


Trapezoid 


9^^ -----_. 


-- ~iQ.£^^\ 


Graphic  Method.  Prolong  6  a  to  ;,  making  a  g  ^  cd.  Pro- 
long cd  to  A,  making  d  h  =  a  b.  Connect  g  h.  Bisect  a  b  At  e. 
Bisect  cd  at/.  Connect  ef:  the  intersection  of  gk  and  ef  is 
the  center  of  gravity. 

The  distance/  (CG.)  =  ^  X  ^-^t±ji 

3         ab  -\-  cd 


Any  Quadrilateral 

Graphic  Method.  Draw. 
the  diagonals  ac  and  bd' 
intersecting  at  e. 

Lay  off  a  /  a*  f  c 
Lay  oQ.b  g  =^  e  d 
Bisect  eg  at*;    bisect  ef 
at  I. 

The  intersection  of  /  A  and 
^  i  \s  \.\\«  center  of  gravity 


CENTERS   OF   GRAVITY 
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Circles 
Center  of  gravity  at  the  center 


Semicircle 

The  center  of  gravity  lies  on  the  radius 
perpendicular  to  the  diameter.  The  distance 
c  (C.G.)  =  radius  X  0.4244 


QuadratU 

The  center  of  gravity  lies   on    the    radius  which 
bisects  the  /_  ach.    The  distance  c  (C.  G.)  —  radius 

X  0.600T 


Sutor 

The  center  of  gravity  lies  on  the  radius  bisect- 
ing the  /_ach.  The  distance  c  (C.  G.)  s  )  radius  X 
chord  a  b  __  radius*  X  chord 

2scadh   "        3  X  area 


Segment 

The  center  of  gravity  lies  on  the  perpen- 
dicular erected  at  the  center  of  the  chord  ah. 

The  distance  c  (C.  G,) ^^^ 

1 2  Xarea  of  segment 


Table  67.    Moments  of  Inertia  of  Simple  Sections 


/  =  Moment  of  Inertia 
12 


V 


\i^ 


L 


^ 
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Square 


Triangles 


12 


/- 


36 


Circles 


f^-r^ 


b     ! 


/  -  0.7854  R* 


/- 


W»  -  W» 


12 
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parapets 87 

culverts   32.  122 
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plotting    183 

templets 184 
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surfaces 75 

brick  80,  225 

kMBof 72 

rock  asphalt 78 

water-bound  mandam    .  72 

Crushed  stone,  bottom  course  ...  63 

sixes 

64.73.76.78,95.96.  X15 
wekfats    . .  230^  2^.  24a 
Crushing  stone,  field  stone  required 

per  cu.  yard 236.  239,  240 

Crushing  stone,  cost  of    236,  261 

proportion  of  siies 

237,  239 

Cube  and  cube  root 360 

Culling  brick 294 

Culverts,  cast-inm  pipe,  weight  . .  53 

concrete,  cost 57,  247 

construction 297 

coat  57,  247 

Culverts 

dischai]^  capacity    37 

discussxmoi 32,  122 

economic  styles 35 

examples 48,  122 

forms,  removal  of  297 

headwaUs  297 

I-beam  stringers, 

strength  of 58 

Culverts,  in  villages 38 

mesh  reinforcement    ...  54 

plugging  with  ice 36 

quantity  estimate 2x9 

sediment  filling   35 

shape  of  opening 32 

sixe    32 

sted  bar  reinforcement. 

weight 55 

styles 35 

under  side  roads  38 

Curbs 90 

concrete 90 

specifications 346 

stone      90 

specifications    347 

Curvature,  ounimum  radius 17 

Curves,  functions X39i  169 

problems X39,  i6g,  X78 

Cuts  283 

D 

Danger  signs 9Z 

Design,  consistent  grades   xo 

economical  grade  line   ...  xx 

miscellaneous  points   ....  220 

office  work 183 

I^acbMtge  aipmdty  ot  culverts  ...  57 

vaodty  ot  How    37 
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Ditch  constructioo 284 
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